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PREFACE

The Aeronautical Systems Division's Infra-Red Signature Prediction
Midel (AS13IR) is an integrated system of computer prograns.

The ASDIR-lI computer program has been developed for computing, by
analytical model, the infrared signature produced by the hot parts and
the exhaust plume of aircraft. The program development was accomplished
in two steps. The first step consisted of collecting, evaluating, and
isolating those major sections of existing and avwilable computer programlls
which analytically modelled the various major areas of the overall objec-
tive in a superior mariner. The second step consisted of compiling the
qbove selected program sections, creating an overall control program, and
writ ig new program elements to complete the requi red analytical model.

The documentation for ASDIR-II has been written in three volumes:
Volimie I - USER Manual - describes the program input and provides the
user with example applications, Volume II - PROGRA4 DESCR[PTION -

describes the program and its various functions, and Volinne II-
REFERENCE DOCU&ENTATTON - pr-ovides the user with essential background
,uatcrial.

The work reported herein was conducted by Capt C. W. Stone and Mr. ,

S. 9 . Tate of the Propulsion and Energy Division, Directorate of Advanced
Systems Design. Akssistance in program shakedown and improvemenit of
progi'winiing etficiency was provided by mr. iv. . .icfLtenlDerg or tne
same Division. Sample preparation assistance was provided by Lt. T. 1.
Dayton of ASD/ENYYW. This effort was conducted during the period 1 July
1973 to 1 July 1975.
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IN]'RODUCtI'ON

Infrared (IM) energy is emitted by hot parts and hot gases.
A nuMbL'r of emitting sources exist in the field of view of IR socking Li
"'i ;;i les and IN detection systems which are observing an aerospace
system (aircraft) in flight. Important emitters include:

8ackground (earth objects, sky, clouds, etc)

Hot parts of engine exhaust systems.

11ot gases of engine exhaust (plume).

M eat exchangers (oil coolers).

Scintillated sunlight reflections.

Aircraft lights (internal & external).

Aerodynamically heated leading edges and surfaces.

I'l,, radiated enerav will contain both oray-body l,amhertiOn qn-ctrq
'Ind ilso molecular species spectra. Eamitted energy rays which pass

irvuih the mixed and cooled exhaust gases will experience spectral
-ittenuation prior to being exposed to atmospheric attenuation. An
infrared signature of an energy emitting source is defined as the
frequency spectra and distribution in azimuth and clevation of infrared
, ,wrvy emitted by a radiatiiig sour-- as the energy enters the trans-

Mis,;ion Media (the atmosphere in case of aircraft). ASDIR-11 calculates
im- infrared signature of aerospace systems,

ASI)IR-II was developed to be a suitably accurate but timewise
and computer-resources-wise practical computer analysis or model of
tie infrared signature. The details of the computer program are
i. -,ented and described in voluines It and III of this report. The
pyirpose and intent of this vorline is to instruct the ASDIR-!i user
in: the use arnd application o" the computer model. -Exawple problems
will be found in the Appcndix.

2



APPLICATION OF ASD1R-l I

Program Operation

Program accuracy, simplicity, and rapidity of execution were
optimized by maximizing reliance on geometric symmetry in the develop-
ment of the plume structure and the irradiance rays. It follows thIt,
ASDIR-II is an axisymnetric analysis and the resulting IR signature
is a surface of revolution about the aircraft line-of-flight. Points
of IR observance are located in space relative to the signature emitter
by slant range and aspect, where aspect is the included angle measured
from the aftward aircraft line-of-flight. Aspect angles of azimuth
and elevation must first be converted to the axisyniactric included
angle during input dat2i preparation. Infrared signatures of aircraft
configurations which are not surfaces of revolution must be composed

of output data of several axisyl'unetric JR signatures using the
principles of superposition.

While the step-by-step directions below will cover the following
points, it is appropriate to emphasize a few program featurnss here:

1. Input data are grouped into several categories. Input data

numbers. Input data sets make use of nanelist "reads" with the
exception of IDS1 which uses formatted "reads". All IB data are
formatted.

2. When engine hot parts are analyzed in the SIGNIR portion of
ASDIR-II (IHOT#0) the aspect angle selections are read in at 1B54
and 55. These angles are sequentially selected by a counter, ICYIECK.
The sequential selection requires that program control return to a
point near the beginning of the program for each aspect angle selection
and, thereby, repeating read instruction for IrJS-2, namelist CASE. Flor
this reason a b$CASEh$ card must be provided for each repeat cycle [until
all angles have been selected. The angle list can be intentionally cut
short by simply omitting appropriate ntumber of b$CASJib$ cards or by
inserting a b$CASEbTEhR\1 .UE.b$ card after the desired number of
b$CASEb$ cards. If too m.any b$CAS'b$ cards are inpUt, a program step
will occur when the angle list is exhausted, Each b$GASEb$ card re-
presents an opportunity tL, develop a special output for a single angle
such as a plotting deck, a plume characteristic plot, a spectrum
analysis, or some other output selection. An appropriate designation
(i.e., ISPAT=2 to request a plotting deck) is simply entered on
selected input cards as, for example:

b$CASEbISPAT=2b$

A
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then neutralized on the next card as:

b$CASEbISPAT=Ob$

where the b designates a blank card colu-n.

3. Certain input data items are redundant in that they are "read
in" by more than one "read". Certain other data fall in essentially
the same category in that more than one quantity represents the same
input. Input data which involve redundancy or compatibility and their
input location are sumnarized in Table I.

4. A final data compatibility requirement exists when an "input"
states the number of items to be entered. It is important to enter
the appropriate number of values so stated. These interactions are
sumnarized in Table II.

5. Radiance from the engine exhaust nozzle cavity is normally the
most significant part of the overall aircraft IR signature. The 4

radiance is directly dependent upon the geometric view factors, a set
uf values which is extremely tedious to generate for each engine to be

•- 'analyzed. Provisions are included in ASDIR-I for generating these
"•,ew tactors as punched card output in. a view factor computer run.
For the view factor computer run IB49 through 53 and all IDS input

A, from IDS-2 to IDS-6 may be excluded from the input string if the
* program execution is requested to stop after punching the viewv factors.

Inputs required for punching view factors and requesting STOP include
ýll "IB" data up to IB48 and specifically:

IDSI bb03

1B7 bb0x-l Note: Surface node ternpratures
are usually not 1'mown, so
x will usually be zero.

When the view factor cards have been punched, they must be incluied
:,i the input as IBIO and IBI1. In addition IDS] and 1B7 require revision

IDSl bbol

IB7 bbhxOl

fur resunption uf IR signature program execution.

4
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TABLE I INPUT COMPATABILITY REQUIREMENTS

INPIJt QUANFITY NAME INPUT LOCATION

Stream total temperatures TEMPO, Tm IBS, IB9
(of primary ýind secondary TTP, I-FS IB43, 44
flow) TTPN, IFSN IDS5

Overall nozzle length X2, XIO, XZO, TPL, XF IB4, 5, 6, 12
ANL IDS2

Nozzle exit dimensions Y2, Y10, Y20, AACT IB4, S, 17
RPN, RISN, RP IDS2

Stream total pressures PTP, PTS IB43, 44
EPR, FPR IDSS

Stream flow rates WP, WS IB43, 44
WAPAC, WASAC IDSS

"\mbient pressure PAMB 11,45
Ali, LFiý,i HD62

IR wavelengths BAND1, BAND2 IB57

AMI, AMF, IFILTER IDSZ

Scenerio ALTPUI\, ALTOBS, RANGE IDS2

I
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TABLE ]I INTEWRACTIE INPUT

IOC\TION OF INPI'I:

INPt 01IAVIIly 
NUMBER OF ri'nTIEs 

DATA
.-geoine1 1ry 

IB3 IB4,5,8,10,1i,13,14 15

16,20,24,27,33,41,43,
44,47,49,53

Fluid nodes 
IB IB9'I'ranspiration cooled nodes IB24 IB25, 26

Fi In conled nodes 
1B27 IB28, 29, 30, 31, 32

Colvection-film nodes IB33 1B34, 35, 36, 37
Cooling Data table 

IB38 IB39
M!,1tiplo fluid node surfaces IB41 1B42
Object.s protrud ing ijto streams IB47 IB48
Couduction paths 

IB49 IBSO *1
Special fluid nodes IB51 IB52
Aspect ongles 

1854 B1555

The following input are in IDS-2:
Observatioji points 

NIZANG ALTOBS(i)

,i ,-- 'It iadiating areas N XTDI' 1AR}A(i),ETthIP(ij
Extenhal nozzle plug coordinates NP XP, RP

6



BASIC ASDIR- I I AI RCRAVF CONFI CUR\TI ON

The aircraft configuration: most simply represented by ASDIR-II is
axisymmetric, singleoengined, and gas turbine powered with no external
parts shielding or blocking the view of the hot exhaust nozzle openingi
or the plimle. The IR signature of thi s basic coCO I'• rt ion oi mm llrt I"ty

developed by simply preparing the input data in accordance with the ika
put data instructions blow. The output can include l istinpgs of
spectral ly ani snat i ally resolved radiance, plume ogas paramcters Ind
species, equivalent black body area and lemperatures of the nozz-le
exit plane, etc., or line printer plots or (Jalcomp Plotter punched decks
as directed by output control parajmeters sclected and giv,,n •n the input.
A Calconip plot of a spatiall) resolved TR signature is included with
exmple problem 1, Appendix A. (Calcump plotting routines are. not in-
cluded as part of ASDIR-JI).

Included in the program initialization are appropriatte input
quantities which describe a generic basic coiifiguratiionl p)LUTeC-only
sample case. The sample IR signature covers the baud from 2.0 to 2.1

micrometers (pM) wavelcniths. Thc short version output of the sample
rna i ; nrovidid in the Ainendix avid at the end of the urea amn lIi ;tinc
for those users who have obtained their own copy of the program. The
sample case can be exercized by the following five input cards:

1. bbOOOO

2. b$CASEb$

3. b$PLUMINb$

4. h$POWFRb$

S. b$CASEbTER1=.TRUE.b$ A

where the first b is in colLmui one. The $ represents the COG 6600
nmamflcist syntax. When executing ASDIR-1 I on another computer system,
the namelist format and syntax of that system should be used. The
sample case is executed in 4.5 seconds on the USA'/ASD computer -r

center's CDC 6600 computer using SCOPE 3.4.3.

7
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4I
PROGRA4 CONTROL SCI IME

Progrean control parameters are included in the input data for ;elect-
ing the various program functions as well as the I/C functions. The pro-
gram (and input requirements) control logic flow diagram is given in
Figure 1. The six control codes are:

IlHOT ICHIECK IRADCK

NFLW IFIThER KDATA

The details of [HOT are discussed in the Preparation of Input Data
Dock sectioa.

NFLW is an automatic control which alerts the program to the fact
that it is processing the first of many sequential calculations.

When the program begins iti second sequence, the NFLW control is
changed from 0 to 1 to indicate to the program that preliminary calcula-
tions have been made mid that most read directives need not be repeated.
NFLVL is included in the input (IDS-2) hut it serves no purpose for the
nro'rnin i-jr ; and 'hijl}rl, tl- ro--nro- -- nmi-----q"] -- n----

IClNECK is an automatic counter which selects the sequential calcula-
tion quantiLies ASPDEG, ABB, and TBB. In addition, whet ICHECK is <0,
namelist CASE is written in the output, ALTOBS and RANGE inputs are con-
verted to units of kilometers, and AMI and AMPF are admitted to operational
computer registers. These functions make ICT1ECK convenient to rebegin the
ASPDEG sequence with or without a new set of ranges, observer altitudes,
c- IR band wavelengths.

IFILTER designates to the computer that a filter is used in conjunc-
tion with the IR sensor. Either preloaded filter characteristics shown
in figs 2 through 6, can be designated or filter characteristics can be
.input in IDS-4.

Wh.n a filter is designat.d, the R. band designators in IDS-2 are
over-written by the filter band wavelengths. The namelist FILT in IDS-4
is read when IFILTFR<0.

KDATA is normally not used for input control, although it possesses
the potential to affect a read of plume sti-ucture data from tape or punched
cards which had been produced by a previous computer run. The normal
utility of KUATA is to select output options a- explained in the Preparation
of Input Data Deck section.

Several output options are available in the program such as spatial
and plotting punched card output, etc. Each is explained under its control

' . . •,q
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:ode in the Preparation of Input Data Deck section. The output options
control codes are:

Print Control Card (IB-2)

KKKI (IB-7)

KSO, NPI4"r (IB-56)

IL (IDS-2)

ISPAT (IDS-2)

ITAU (115-2)

KDATA (IDS-2)

1

, :1
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PREPARATION OF INPUT IDATA DECK

The description of the aircraft and background must be detailed,
"arranged, and punched into an Input Data Deck. The Input Data Deck
is organized in two categories; Input Darn Sets (IDS) which arc pre-
dominately in nminclist format, and Input Blocks (MB) which are formatted
for computer read. The lB's are prepared exclusively to satisfy the

9 internal hot parts (SIGN1R) input requirements. In preparing the IB
input cards, it is particularly important to provide every card requested
even if a given card i'; blank.

The instructions for the preparation of each input card irc given
below in the sequence required for input "read" by the program. For
input Data Decks which involve logical branching, as depicted in Figure 1,
instructions are provided below at the branching points to indicate the
next required input. Cross reference to relevant input are also provided
to assist in compatibility of input data and avoid anomalies such as an
engine operating at 40000 ft altitude in an aircraft flying at 10000 ft.

Every Input Data Deck will begin with IDS-1.

H

17.
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-IDS-1

MIOT (ZX,12) .nitial program control directive declaring the exclusion
or inclusion (and mode) of engine internal hot part analysis. For
proper directives, enter:

bbUO To bypass internal hot parts calculations. Provide ASIhDFG,
ABB, T3BB, ALTPLM, and engine operation data in IDS-2 and
IDIS-5 from previous ASDIR runs or other infonnation sources
(if required data is not available, see next directive).
Skip directly to IDS-2.

bbO1 - To enter intenial hot parts calculations. Omit ASPDIiG,
ABB, and TBB in IDS-2. Insure compatibility among IB4,
5, 6, 9, 12, 17, 43, 44, 45, 57 and IDS-2, 5. Skip directly
to SIGNIR.

bb02 - To bypass internal hot parts calculation and enter SIGSUB.
Omit ABB, ASPDEG, and TBB in IDS-2. As for the bbO0 code
instructions, insure compatibility. This code is prefrc red
over bbOO for rerunning previously run flight conditions.
Proceed directly to SIGSUB.

bb03 - To acquire geometric view factors. It is usually desirable
to punch the view factors by use of bhOO-1 in 1B7, Inclusion
of IDS-2 through 5 is riot required. (See 1B7 fr alter-
natives). The IVMOT-bbO3 code together with KKK]= -l(.B7) are
required to STOP operation after punching view factors. Skip
directly to SIGNIR,

18



SIGSUB

This portion of IDS--I provides the output of SIGNIR but does not invoke
the calculation of SICNIR. SIGSUL is a convenient way of entering data which
had been computed and printed in the output in a previous run. SIGSUB is
accessed by IIIOT=bbO2. Enter up to twenty 120) combinations of aspect angle,
equivalent radiating area, and effective black body temperature in tile follow-
ing substitute IB formats:

SIBI

NANG = Number of comb ination:; of axi. ,y~nuetric jncJudcd 1
aspect angle, radiating area, and radiating
temperature. (up to 20)

JInput forniat 2X, 12

SIB2

AX Eq(jujvalent radiating area representing a discrete
p)orion0 0f Vthe observer's. 13Cell oJ view. q.1.

ATX Effective black body temperature of area AX
(Deg. K)

AA8 = Axisyninetric included aspect angle of observer
relative to the aircraft aft line of flight. (Degrees)

Input format 3P10.5

Repeat SIB2 for each value entered in SIBI.

A Bypass SIGNIR and proceed to IDS-2.
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S: ~SIGNIR

"ATc inputs to SIGNIR are to be prepared under fifty-seven D0 formats
of which many,, are repeated in input data loops as ncce,sary to read in
3iililar data. These data constitute the geometric and flow details of thie
hot aft Lnd of engines from the turbine discharge to the nozzle exit.
Several modcs of nozzle cooling are offered for analysis by the i)rogran
as M,.11 ;i, paths of conductive, radiative, and convcctive hcaL transfer.
The. et-uwctric view factors are gVerated by SIG;NIR. In the instructional
steps below, each clement of data required is described and certain repeat
loop notations are made.

TITL" Title cards. User is allowed 80 spaces per each of
.1 1 1 Wo - C, 'WY j t; - . 11 t t- i 11L01 l!LiJl- . J t.'L1d -! ,ILU J U I I U.

li less thu:n S cards are needed, supply the remainder with blank
cards.

Input format 20Ad

A
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rIB2

Print control card. For radiation results only,
input a blank card. For additional print-out,
input a 1 for each of the following parameters to
be printed.

PRINT1 = Print control for stream compressible flow information.
PRINT2 = Print control for surface boundary layer information.
PRINT3 = Print control for surface node average heat transfer

coefficients.
PRINT4 = Print control for fluid node temperatures.
PRINTS = Print control for surface cooling results.
PRINT6 = Print control for hnternal geonctric view factors.
PRINT7 - Print control for temporaturcL of all configuration

nodes.
PRINT8 = Print control for the configurations ixternal view

factors.
PRINT9 = Print control for radiation results UnaLtenuated by

atulcsphure. Also see K50 in IB56.

PRINTO = Print control for force factor information.
Input format 2X, 1012

A
IB3

NN = Total number of fluid streams. (up to S)
NNN = Total number of surfaces. (up to 5)
N = Total number of surface nodes. (up to 44)
Nn = Total number of entrance-cxit nodes. (up to 5) 1
N*NN - Axis node indicator (input 1 if node exists; if not,

input zero).

Input format 2X, 512
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IB4

Physical data nocccss;iry to describe the -,urface
nodes and axis node. Each card represents infor-11tation Eor one nodc.

X1 = Node upstream axial coordinate. (in.)
Y1 = Node upstream radial coordinate. (in,)
X2 -- Node dowmstream axial coordinate. (in.)
Y7 Node downstream radial coordinate. (4n.)
VEcr1 Node surface orientation parameter. (If node

represents outside surface of the frustum of a
cone, hip-ut +1.; if ;t represents inside ;urfacc,
input a -1. ; rxis node has value of +1.)

, NOIE Node number. *
ISURF = Suriace number on which node is located.

Input fon t 5F10.5, 2T2

Popeat TB4 for each surface node (uLp to 44) & _ _xis node if one exi_;ts.
• Assi 'n a is numoelr Io he one joifaor Ih:.n[fini flid nod nubr

IBS

Tintrance exit node. Each card represents information

for one node, P7i a 'sk nofl the upst' am coordinate
correspond to the coordinate ,.' the disk inner ring.

X10 = Node upstream axial coordinate, (in.)
Y]0 = Node upstream radial coordinojnc. (in.)
X20 = Node dowmstream axial coordinate. (in.)
Y20 = Node downstream radial coordinate. (in.)
VFCTO = Node surface orientation parameter.

If node is an exit disk nodhe, input +1.; if it is an
entrance disk node, input -1. If node is not a disk,
follow the convention of VECT provided in 1B4.

ITF•1•O = Node temperature. (*R)
-,WODEO Node number.

Input format 6F10.S, 12
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Repeat IB5 for each entrance-exit node.

1B6

TPL = Total axial length of the system. (in.)

Input format F10.5

IB7 4
KKI Surface node temperature indicator; (input 1 If

surface node temperatures are input; if not, in-
put zero).

KMI = Internal geometric vie-, factors and surface node
areas indicator (input 1 if they are input; if not,
input zero, input -1 if they are to he punched),

NOTE: fhe calculation of geometric view factors is lengthy and
minimization of repeat calculations should be applied whenever
possible. The early use of -1 in KKKI is reconmmended. bbO3
is required in IIS-1 and TDS-2 through 5 can be omitted for this
run. KKKT = -1 calls for a computer ST(iP after punching the
view factors.

TC . ...... . - - I tflf . . . . .. .l..

Input format 2X, 212

IB8

NNAT = Total number of fluid nodes and special fluid nodes
if any (up to 30).

Input jurmat 2X, 12

IB9 4
Th• = Surface node temperatures (OR)

Each card will contain a maximtnu of 8 temperatures.
Temperatures must be input according to the numerical
order of the nodes; i.e., the first will be the tempera-
ture of node 1, the eighth the temperature of node 8.
This is a very sensitive parameter; see Table I.

Input format 8:10. 5
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TB9 is repeated until ail surface node temperatures, entrance-exit
nodes, fluid nodes and special fluid nodes have been input, 8 to a
card, up to 79 values.

Sfintcrnal geometric view factors are not input, bypass IB10 and

Begin loop 1 on IB10 and IB3l. The number of times this loop will
be operated is equal to the total number of surface and entrance-
exit nodes.

(BI__

F Internal geometric view factors.
Input node view factors (node corresponding to the
number of times through loop 1) to all numerically
higher surface and entrance-exit nodes in a numreri-
cal order; ie., if third L1iie L•-uUgh i0op i, view
factors would be input as from node 3 to 4, 3 to 5,
3 to 6, etc. Repeat this card for the given node to
the other nodes, 8 values to a card.

Input format 8F10.5
I -

IBI1

AREA = Surface area of the surface node or the entrance-
exit node that corresponds to the number of times
through loop 1. (Sq. in.)

Input format MF0O.5

TND of LL)OP 1; Return to 1I10 or proceed.

T F surface node teripcratures are not input, go to1B 4
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IB12

XF Axial distance representinR end of fluid strean, NN.
(Begin with the first fluid stream). (in.)

Input format 1F170.5

IB13

JSURF Upper surface number and then lower surface number
corresponding to the fluid stream] of IB12

Input fonnat 2X, 212

- Repeat IB12 and IB13 for each flow stream.

Go to IB53

IB14

KSJRF = A surface number.
NZ = Total number of surface and axis nodes along that

surface.
KOOL = Counter to define cooling along surface. Input

one of the following:
0, for no cooling.
1, for transpiration cooling.
2, for film cooling.
3, for convection-film cooling, counter flow

configuration.
4, for convection-film cooling, parallel flow

configuration.

Input format 2X, 31?
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IBIS T
NIODEN All surface nodes along the surface (KSURF) above.

Input fonnat 2X, 2012

Repeat iB14 and IB1S for each surface, NNN.

Begin loop 2 which incorporates 11116 through IB40.
'1This loop will identify fully the fluid sLreams,
their surfaces and surface cooling if any. Loop 2
will be operatQd once for each fluid stream, NN.

IB16

ISTR' = Fluia stream iumber.
- IK = Type of fluid stream. Input one of the fo]lowing:

0. for socondarv :;trpam.
1, for primary stream.
2, for mixed stream.

KK - Fl, iu stream exit indicator. Input one if the
r'Tih.d stream does exit to ambient surroundings
or 0 if the stream does not.

YI Axial location representing start of fluid stream.

XF A location representing end of fluid stream. (in.)

If the exit node is not a disc and KK-l, set XF to the
smaller of XIO and X20(IB5) and AAC''(IB17) to the related
fluid stream cross section area.

-Input format 2X, 312, 2X. 2F10.5

If the above fluid stream does not exit to the ambic,t
surroundings, go to IB18.

26
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IB17

AACT = Cross sectional area of the fluid stream exit.
This is the end of the tailpipe for the fluid
flow stream in IB16. (Sq. in.)

Input format lFlO.5

IB18

NNA =Total number of fluid nodes within this fluid

Input format 2X, 12

TB19

NODEN2 = Fluid node number. *
KIK = Type of fluid node. Input one of the following:

0, for secondary fluid node,
1, for Primary or fully mixed fluid node.

XX2 = Approximate axial coordinate which represents the
mid-point of the fluid node. (in.)

L NInput format 2X, 212, 4X, F10.5

Repeat IB19 until all the fluid nodes for the fluid
stream of IB16 have been entered.Numbered consecutively after surface node numbers.

Begin loop 3, an internal loop to be executed 2
times for each time through loop 2. Once for each
of the surfaces that border the fluid flow streaii
in IB16. Thi.s loop incorporates IB20 through IB40.

27
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IB20

JSURF 1upper ,;urface n•iuWer theno lower surface number
boardering the fluid strean in IB16.

KA = Type of fluld stream immediately adjacent to the
surface. Input one of the following:

0, for secondary stremi.
1t, for primary or fully mixed stream.

THETA = Initial m•mentum thickness of the surface boundary
layer. Input a valuc of -1 if the surface did not
begin with the fluid stream of IB16. If the surface
does begin with this fluid stream, input a known
initial value or a best estimate. A value of approxi-
mately .001 inches might be expected for these sur-
faces. (in.)

HIA Initial flat plate shape factor for the surface
boundary layer. Use the same criteria for this
parameter as for THETA; a -1. if the surface does
not begin with the fluid flow stream. An approxi-
mate value of about 1.3 might be expected for this
parameter. (nondimensional)

Input fonijat 2X, 212, 4X, 2F10.5

If there is no surface cooling on the entire surface of
IB20, bypass IB21 through IB40.

If the surface cooling information for the surface
of IB20 has been input earlier in loops 2 or 3, by-
pass IB2]. through IB4O.
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S1B21

ITSC Total temperature of the coolant supply fluid for
the surface in 1B20. (OR)

RSC =Coolant supply fluid ga-s constant (ft. lb./lb. OR)
GAMASC =Coolant supply fluid specific heat ratio.
CPSC =Coolant supply fluid specific heat (BTU/lb. 'R)
WSI3T = Coolant supply fluid flow rate. (lb./sec.)

If this parameter is to be computed, input 0.0.
TS -Temperature of the heat source adding heat to the

coolant supply fluid in the coolant delivery system,
(OR). If no source exists, enter 0.0.

UA =Overall heat transfer coefficient between heat
source and coolant supply fluid, (BTU/hor. R). If
no heat is transferred enter 0.0.

Input fonrat 71110.5

If coolant supply fluid flow rate is not to be
calculated, bypass tB22.

IB22

PTSC = Total pressure of coolant supply fluid source. A
(lb./sq. in.)

K12 = Pressure loss parameter for the coolant delivery
system. f12 -s po1r lbe/sts in./(lb./sec.)

N12 = Pressure loss exponent for the coolant delivery
system. n 12  L 11 CAP/K 12)/L n W (nondlinensional)

Input format 3F10.5

fIf surface is convection-film cooled, go to 1B33.

If surface is film cooled, go to s B27. If surface
is transpiration cooled, go to ne23.
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A. IB23

K23 - = Piessure loss parameter for the coolant discharge.
K23 = oAP/Vn23 lb./sq, in./Clb./sec.)n1.

N23 Pressure loss exponent for coolant discharge.

n23 = Ln (oAP/K23)/LnW (nondimensional)
PORS = Ratio of the surface cooling material. (Percent of

open surface area to the total surface area).

Input format 3F10.5

IB24

MA= Number of surface nodes that make up the transpiration
cooled portion of the surface. (The transpiration
cooled surface is that portion of the surface that ex-
tends from the upstream coordinate of the transpiration
material to the downstream end of the surface.)
(up to 20) Input format 2X, 12

IB25

LX = Surface node numbers of the nodes that make up the
transpiration cooled surface. Nodes are input in
the increasing axial direction. (up to 20 values)

Input format 2X, 1012

IB26

Axial coordinate of the surface node representing
part or all of the transpiration material (in.).

YN = Radial coordinate corresponding to XN, (in.)
For XN and YN. input upstream coordinates of each of

- the nodes and in the order listed in IB2S. Then input
* the downstream end surface coordinates. Repeat this

card for these coordinates, 4 sets of data to a card.

Input format 8FI0.5
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r 7.

2 ofBypass IB27 through IB40.

IB27

NUM = Number of film cooling slots (up to 20)
MA = Number of surface nodes that makeup tLh. film cooled

portion of the surface (The film cooled portion of
the surface is that portion of the surface that ex-
tends from the start of the cooling through the down-
stream end of the surface.) (up to 20)

Input format 2X, 212

IB28 1
NODENI = Surface node numbers of the nodes that makeup the

film cooling surface (up to 20 values)
(The nodes are input in the increasing axial direction.)

Input fornat 2X, 1012

IB29 _

LX = Number of cooling slots for each node. (The amount of
data entered on this card will be equal to the number
of nodes, MA, of IB27.)

Input format 2X, 1012

.4PK IB30
S = Slot height of film cooling slots. (in.). The order

* of input shall be in an i.creasing axial direction. The
total amount of data entered will be equal to the number
of slots, NUM, in IB27. Each card will contain a maximum
of 8 values.

Input format 8F10.5
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IP31

XN = Axial coordinate of a cooling slot, (in.)
YN = Radial coordinate corresponding to XN, (in.)

For XN and YN, input the coordinates of each of
the cooling slots and then the coordinates of the
end of the surface. Each card will hold 4 sets
of data.

Input format 8F10.5

IB32 !

CDX F Film cooling, slot discharge coefficient for each surface
(up to 2) Input format iF10.5

Bypass IB33 through iB40.

IB33
NUM Numbcr of convection-film cooling slots (up to 20).

NB = Number of convection-film cooled shingles with
heat exchangers plus 1 for any surface that ex-
tends beyond the last heat exchanger (LIp to 20).

MA - Number of surface nodes making up the convection-
-. film surface (up to 20).

(The convection-film surface is that portion of the
surface that extends from the start of the surface cool-
ing through the downstream end of the surface.)

Input forrmat 2X, 312

If convection-film cooling has a parallel flow con-
figuration, go to IB35.

MI
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4 IB34

XN = Axial coordinate for cooling. (in.)
YN = Radial coordinate corresponding to XN. (in.)
S - Height of the cooling slot. (in.)
KS - Combined turning and exit pressure loss parameter

(lb.sq. in./(lb./sec.) 2

Input format 4F10.5 ___I ____

Repeat IB34 for each (up to 20) of the cooling slot coordinates; for the
end coordinate of the last heat exchanger, and the coordinate
for the downstream end of the surface if they do not coincide
with those of the end of the last heat exchanger. Use S 0.0anud KS 0.0 where coordinates do not represent a cooling slot.

-Go to IB36 ___~ ~~-;*

1B35

XY = Axial coordinate for cooling. (in.)
YN = Radial coordinate corresponding to XN. (in.)
S = Height of the cooling slot. (in.)
KS - Combined turning and exit pressure loss parameter.

(lb./sq. in./lb./sec. 2 )
(Uses S = 0.0 and KS = 0.0 where coordinates do not
represent cooling slots.)

Input fornmat 4F10.5

Repeat IB35 for the upstream coordinates of the first
heat exchanger, for each (up to 20) of the cooling slot
coordinates, and th• coordinate for the downstremn end of
the surface.
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1B36

NODENI = Surface node numbers that mijeup the convection-film
cooled surface. (The nodes are input in the increasing
axial direction, up to 20 for each of up to 2 surfaces)

Input format 2X, 1012

1B37

LX Number of cooling slots for each node. (The amount
of data entered on this card will be equal to the
number of nodes, MA, in IB33, up to 20 for each of up to
2 surfaces) Input format 2X, 1012

If this is not the first set of convection-film data
entered into this program, bypass IB38 through IB40.

iRV~ f

NNl The number of sets of points making up the convection-
film cooling heat exchanger parameters table. (up to 21)

Input format 2X, 12

IB39

RIM = Reynolds number for the flcw through the heat exchanger.

HXP1 = Heat exchanger parameter, h Npn2/5/G Cp corresponding

to RENI above.
F] = Heat exchanger friction factor corresponding to RENI

above. Cup to 21 values each parameter)

t. ,p-t format 3F1 0. 5
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"I Repeat IB39 equal to the number of sets of points,
NNI given in IB38.

IB40

W-T = Plate-fin heat exchanger thickness. (in.)
AR = Plate-fin heat exchanger flow to frontal area ratio.
SVHX = Plate-fin heat exchanger heat transfer area to volume

between plates (ft.-1).
1D = Plate-fin heat exchanger hydraulic di,tmeter (ft.)

Input format 4F10.5

SEnd of loop 3; Return to IB20 or proceed.

SEnd of loop 2; Return to IU16 or proceed.

ICS Number of surfaces that are associated with more
than one fluid stream (up to 5)

Input format 2X, 12

If there are not surfaces that are associated with
more than one fluid stream, go to 11343.

IB42

ICSURF Surface numbers of those surfaces that are associated
with more than one fluid stream, The amount of data
entered on this card will be equal to ICS entered on
141 (up to 5 values)

Input format 2X, 1012
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IB4

-P = Total pressure of the hot fluid stream. (lb./sq. in.)
1117P Total temperature of the hot fluid stream. ('R)
IT = Gas constant of the hot fluid stream. (ft. lb./lb. OR)
GANMAP = Specific heat ratio of the hot fluid stream.
WP Fluid flow rate of the hot fluid strema. (lb./sec.)

(Fnter 0.0 for each of these parameters if the configura-
tion contains no prhiary fluid strewa.) (See 'l'able 1)

Input formnat 5F10.5

IB44

"Prs Total pressure of the cool fluid stream. (lb./Sq. in)

TfS = Total temperature of the cool fluid stream. (°R)
RS Gas constant of the cool fluid stream. (ft. lb./lb. OR)
GMAS = Specific heat ratio of the cool fluid stream.
WS = Fluid flow rate of the cool fluid. stream. (lb./sec.)

(1(Enter 0.0 for each of these parameters if the configura-
tion contains no secondary fluid strewn=.) (Sec, Tablc I)

Input format SF10.5

Ambient pressure. (lb./sq. in.)

Input fnrmat F10.5

IR46
1BII46______ __________-__ _

NOD1N - Surface or entrance-exit node.
NODEF = The fluid node that is next to NODUN.

Repeat the information above for all(up to 50) :'.tace
and entrance-exit nodes. Each card contains a inaxirmnn
Vf 1t sets of data. Make NWNC(TB3) entries.

Input format 2X, 3812
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Begin loop 4 on IB47 and IB48., This loo1 will
be executed the same number of times as there
are fluid streams in the configuration.

IB47

IA Number of sets of points (up to s0) to describe
any nonaxisynmetric area lumps existing within eacil
(up to S) fluid stream, taken in sequence,.

Input format ZX, 12

if there are no nonaxisyumetric area ltmps within
the fluid stream, bypass IB48.

IB48

XA = Axia± coordinate for a nonaxis)niunetric area ltmip.
(in.)

ARFAM Corresponding amount of cross-sectional arca within
the fluid stream that a nonaxisNiimetric area lump
takes up at location XA. Input XA and AREAM for the
number of points, IA, entered in 1B47. Each card
holds 4 sets of data.

Input format 8F10.5

End of loop 4; Return to IB47 or proceed
If II1TI=03 (IDS1) and KKKI=-l (B7,ý terminate the Input Data
Deck here. Program rxec'ition will stop for insertion of view
factors in IBIO and 11.

If surface ilodi. temperatures are input, go to 11353.

IB49

iNCK = Number of conduction paths that do not involve a
fluid strear,.(Up to 79-N(T133).)

Input format 2X, 12
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41'] If no conduction paths
- i'igo to IB53.

IIBS0

NODEl = Surface node involved in conduction.
NODE2 = Surface node or special fluid node which completes

the conduction path from NODE1.
HWARY = The overall heat transfer coefficient between NODF1

and NODE2. (BTU/hr. *F)

Input format 2X, 212, 4X, F10.5

Repeat IB50 for the numnber of conduction paths
entered in IB49.

NN = Number of special fluid nodes (up to 79-N (IB3))

iabit format 2X, 12

If no special fluid nodes, go to TBS3.

IB52

NUDEI = Special fluid node number.
T -= Temperature of special fluid node number NODEl (Deg. R)

rInput fo.r.at 2X, , 6X, FIO.5
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F[eRepeat IB52 for the number of special fluid
nodes entered in IB1i.

IB53

U4W -nissivity of surface and entrance-exit nodes.
Use a value of 1.0 for open entrance-exit nodes.
Enter data corresponding to the numerical order
of nodes these represent. Each card will contain
8 values (up to 50 values).

Input format 8F10.5

IB54

L.NAS =Number of off-axis angles (up to 20) to be
evaluated. Input fjmat 2X, 12

: IB55

1TM Engine off-axis angles (degrees) (up to 20 values)

(List in increasing order. Fach card holds 8 valucs.)

Input format 8F10.5

IB56

KS0 = Second print control for hot metal radiation.

Enter 0 if hot metal spectra is to bc
printed; enter l to bypass spectra prinit output,

NPLOT = Line printer plot control. Enter 1 to
plot intensity vs wavelength. Enter 0 to
bypass plot.

WL = Max. wavelenath comouted. Input 0. 0 for default AL of
14PM. If * check appears in the output, increase 1VL.

2X, 212, F10.3
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IB57

BAND1 Wavelength of lowest end of IR
spectrum to be considered for this
aircraft, but greater than 1.0 micron.

BAND 2 - Wavelength of highest end of IR
spectrum to be considered for this
aircraft, but less than 14.0 micron.

• =See also note comment for WL in IB56.

NOTE: Specific IR detection bands will be selected

below in IDS2.

input tormat z~iU.S ]I
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IDS 2 INPUT FOR CASE DEFINITION

This input.data set consists of input-output control code, program
path control code, and case defining parameters. The compilation of
these quantities constitutes the input data package referred to as
"CASE. Because of the beneficial interaction with existing values
in the computer registers, the namelist format has been selected as
"the input mode. Quantities omitted in the namelist do not disturb
values already in storage.

In the order shown for namelist CASE in program INPUT program
listing, the input quantities are as follows:

ABB - Effective black body area of the nozzle exit in
square centimeters.

AL - Effective axial length of the plume in feet.
DATIWP presets AL to 1000 ft and AL is subsequently
calculated in PUIDIM. Except in very special
cases, AL should be omitted here.

ALTOBS(i) - Up to 5 observing sensor altitudes in feet.

ALTPIY - Altitude of target in feet.

IAWI - Upper frequency of desired specrrai band in micro-
meters (microns, vI). This value must be within
the range of .9 through 200. PM. Onit if IFILTER
is designated greater than zero.

SAMI - Lower frequency of desired spectral band in micro-
tow meters. This value must also be within the range

of .9 through 200. VaN. Quit if IFILTER is designated
greater than zero.

A ASPDEG - Aspect angle in degrees. This is the semivertex cone
angle between the line of view and the aft-gard plume
centerline. The plume centerline is assumed within
the program to coincide with the line of flight.

DDS Number of segments which represent the observed
ray of radiated energy. DATINT presets DDS to 16.
This value is adequate for most applications and,
therefore, DDS should normally be omitted.

(NOTE: Omit ABB, ASPDEG, and TBB if IItOT (IL)Sl) 0).
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EAREA(i) Up to 20 external effective black body radiating
areas such as external hot engine surfaces, other
hot surfaces on the target aircraft, etc. Like
ABB, this area must be provided in square
centimeters. Provide also, ETEMP and NEXT.

ETtvP(i) - Up to 20 external radiating area's temperatures
in degrees Kelvin.

IFILTER - Filter input control integer. DATINTr presets
IFILTER to zero. Five filter band characteristics
are preloaded in program FILTER. If it is desired
to invoke one of these filters, so designate by
setting IFILTER = n (l<n < 5) in namelist CASE.
If another filter is desir-ed, designate IFILTER
"=-I and prepare its characteristics for
namelist FILT (See Figure 1 and IDS 4). Ensure that
the band 9I1 to AMW defines the filter if IFILT <0.

IL Intermediate calculation output control integer
preset in DATINT to -1 for normal program operation.
This special output call prints the geometry,
spectra, and spectral integration of each ray in
PLUSIG as they are calculated. This output call
consumes a lot of paper and, therefore, should
normally be omitted. Although IL should be omitted
for normal program execution, it must be reset
to -1 for repeated IRADCK ý 0 analyses per program
execution.

IRADCK Program control integer. DATINT presets IRAIDCK to
zero for normal cases and plumes. Special analyses
may require the IR signature of simple hot targets
attenuated through the atmosphere. For such cases,
simply designate IRADCK = 2 and provide EARTA, ETEMtP,
NEXT, etc. Other special analyses require the IlR
signature of gas emissions attenuated through the
atmosphere. For these cases, designate IRADCK = 1
and provide input as required in IDS 3. For normal
program operation, omit IRADCK.

ISPAT A spatial output control integer which has been
preset to zero in DATINT for normal program opeeTation.
Designate UJPAT,0 to write spatial phlme radiance
on a scratch tape. lDesignate ISPI' -,1 for listing
output or ISPAT l 2 for listing and piuich card output
()f spatial phltn radiance data. When ISPAT t 0,
NFXIT and NANGSFG arxe each set to 7. The punch
card output is suitable for plotting. See Appendix A

4d for Calcomp plot example.
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ITAU A second spectral output control integer which has
been preset to -1 in DATINI' for normal program
operation. When ITMU is designated greater than or
equal to zero, the spectral radiance of the entire
ray is printed in ALPLUM. ITAU should be omitted
for normal operation.

ITYPE A spectral line lapping parameter control integer
preset to 1 in DATINT for normal program operation.i
ITYPE selects the line lapping function in sub-
routine TAIJCAL. Except for very special spectro-scopic analyses, ITYPE should be omitted.

)](ATA Program output control integer preset to 1 in DATINF
for minimum output operation. KDATA i.; a five digit
integer represented by KFATA = ABCDE. KMATA is
decoded in program PIIDM and the designator A is
utilized in program ASDIR 2. The KDATA code break-
down is as follows:

A is redefined IREAD:

- 0, the plume will be computed.

1= , the pltmeu gas data array will be read from
a data tape 8.

- 2, the plume gas data array will be read from
input (cards punched in a previous program
execution, see IDS 6).

= 0, bypass file function.

= 1, record plume gas data array on data tape 8.

C is redefined IPNCH:

= 0, bypass punch function.

- 1, punch plume gas data array on input/output
cards.

D is redefined IPRNT:

= 0, bypass print function.

= 1, print plume gas J -- array on output line
printer.
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KDArA E is redefined IPLOT;
S~ (Cont' d)S...... • 0, plot plume static temperature, C02 concen-

tration, H20 concentration, and velocity
on the line printer.

=1, bypass line printer plots.
"=2, plot static temperature.
=3, plot C02 concentration.
=4, plot H20 concentration.
=5, plot velocity.

NA Atmospheric ray segmentation control integer preset
to 5 in DATINT for nonnal program operation. This
value is normally adequate and, therefore, can be
omitted.

NANGSIEG Ray angular segmentation control integer preset
to 3 in DATINT for normal program operation. For
finer spatial analyses of plume structure,
NANGSEG = 7 is suggested. Usually, NANGSEG = 3 is
adequate and NANGSEG may be omitted.

NAI0 Atmospheric relative humidity control integer preset
to Z in DAIINI for normal program operation. Input
NAThO = 1 for low humidity or = 3 for high humidity.
The atmosphere model excludes particulates, aerosols,

• , *•.and abnormal gas content. For normal (mid range)
humidity, NATDO may be omitted.

NEXIT Ray height segmentation control integer preset to 5
in DATIM' for noui al program operation. For finer
spatial analyses of plume structure, NIaXIT = 7
is suggested. Usually, 4EXIT = S is adequate and
NWXIT may be omitted.

1 NEcT Number of external radiating areas designator
integer preset to zero in DATINT for normal propram
operation.

NFLW - Program control integer preset to zero in DATINT
for normal program operation. NFLW should be
omitted.
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NP Number of external nozzle plug coordinates integer
preset to zero in DATINT. If the nozzle of the
subject engine has an external plug, designate
"NP = 2 and provide values for XP and RP. If no
external plug, omit NP, XP, and RP.

NRANG - Number of slant ranges integer preset to 1 in
DATINT. If different than 1, designate the number
of ranges to be analyzed (maximum of 5).

NUINC - Spectral wave number stepping size (real) preset
0" to 50. in DATINT for rapid program operation. Finer

steps are available within the program as follows:

NUINC = increment (wave no.) band (wave no.)

n n so - 11000

- 0 (25 50 - 2000

10 2000 - 2400

25 2400 - 3080
10 3080 - 3770

25 3770 -11000)

Values of 25., 10., or zero are suggested as
spectroscopically reasonable values ei n. Small
values, such as L, will use a lot of computer time. *,

RANGE(i) Up to 5 slant ranges, from the observing sensor
to the target aircraft, in feet preset to zero in
DATINT. The zero range is equivalent to no atmos-
pheric attenuation.

RAYPNT Intermediate calculat! , output control preset in
DATINT to zero for nol al program operation. Similarly
to IL, this special output call prints ray geometry
and average properties in PLURAY as they are calculated.
This call also uses a lot of paper and, therefore,
should normally be omitted.

&ACKV Background black body radiating temperature in
degrees Kelvin preset to zero in DATINT,

TBB -Effective black body temperature of the nozzle exit
in degrees Kelvin.
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TERM Logical program stop command preset to TERM M FALSE.
immediate prior to read narelist CASE in program INPUT.
After completion of desired program execution, provide a
TERM = .TRUE. namelist CASE input.

NUFfST Spectral integation initiator index integer preset to zero 4
in DATINT. Once the spectral integration structure has been
organized in PLUSIG, NUFRST is reset to 1 for the remainder
of the program execution.

lIECK A program and input cycle control integer preset to zero

in Input. ICIE.CK is incremented for each executive cycle of
ASDIR-1I. When 111OT = 0, ASPDEG, ABB, and 713B must be pro-
vided in every CASE input when a value change is desired.
IQIECK= -2 must be used to request the output listing of the
"$CASE . . $ namelist input.

When II•'-A 0, IGtECK sequentially selects the next aspect
angle (ASPDEG) data to be processed. When ASPDEG data is
exhausted, program operation will terminate. 'hie selection

ICfECK is reset. A simple change of IR band can be made by
giving ICHECK =0 and new values for AMI, and AMF. Changes
can include new values for DDS, EARPA, ETEM'I, IL, IRAJCK,
ISPAT, ITAM, ITYPE, KDATA, NA, NANGSEG, NA1ThU, NEXIT, NEXT,
NRANG, RAYPNT, and TBACK. New values for ALTOBS, and RANGE
can be included in any CASE input, Examples are given in the
appendices,

RPN The radius in inches of the primary nozzle.

RTE- The radius in inches of the turbine exit stage.

ANL The axial nozzle length in inches from the turbine exit plane
to the nozzle exit piane.

RSN The radius in inches of the secondary nozzle at the nozzle
exit plane. If the subject engine has no secondary nozzle,
designate RSN = 0 or 16N = RPN.

XP The external length in inches of the nozzle plug. Itf the subject
engine has no plug, omit XT since it has been preset to zero in
DATINT. If the subject cegine has an external plug, designate
also RP and NP = 2.

RP The radius in inches of the external nozzle plug in the plane of
"the nozzle exit.
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"IDS 3 SPECIAL G'As COiEMISTRY INPUF

This input data set consists of gas temperature and species partial
pressure combinations for the special calculation of energy radiated from
a simple gas target. A control value is required in nmnelist CASE (IDS2)
for IRADCK (IlAlDCK 1 1).

In the order shown for narelist STONE in subroutine PLUIAY program
listing, the input quantities are as follows:

Pl(i) Partial pressure in atmospheres of the 1120 species
in the target gas. Thle array will accept from I
to 50 values.

P2(i) Partial pressure in atiosp;phoeres of the 002 species
in the target gas. The array will accept from 1 to

Or, 50 values.

P.3(i) Partial pressure in alinosplieres of the diluent in
the target gas. The array will accept from 1 to
50 values.

X'.T(i) Teillperattuc in degrees Ke] vin of the target gas
.mixture. 'he array will accept from 1 to 50 values.

S1'
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IDS 4 FILTER DEFINITION

This input data set provides the opportunity to designate one of
the five filter characteristics preloaded in program FILJTER or to input
spccific characteristics of some other filter. A control value is
required in namelist CASE (IDS 2) for IFIITER.

For the selection of a preloaded filter, designatU IFILTE.R = n where
n is the filter selected I through 5. Having designated 11:IL,1R > 0, the
AMI and AW7 quantities of IDS I are redefined to suit the designated filter
band. These bands are shown in the progrwin listing in data statements for
AB to AC in program INPU1I and for AST to AIN in program FILTER. The five
filter transmission coefficient sets are shown in data statements in program
FILTER.

For the election to provide specific filter transmission coefficients,
designate 1FILTER = -1. In this amalysis, AM1 and AM11 define the filter
band within a 5 ,M limit.

In the order shown for nimlelist FILT in program FILTER, the input
quantities are as follows:

ASTART The lower wavelength of the filter band characterist ics
in micrometers. The value of ASTARI' must agree Withli
the value of AMI entered in IDS 2.

FR(i) L)p to 100 specific filter tranrsmission coefficients
which describe the filter over the band NIl to AMIF.
The tranI;m ;sioi. )eft-icients muist describe the filter
at .05 ji% intervals.

A
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IDS 5 ENGINE OPERATION DEFINITION

This input data set provides several modes which ultimately define
the plume gas data at the nozzle exit plane. The use of two separate
namelist input modes is available for providing the plume input
data. The first, namelist PLUMIN, will accept plume description data

directly and will be discussed first. The second, namelist POWER,
will accept engine operating parameters from which the plume gas data
at the nozzle exit plane can be calculated. A feature of the engine
operation calculation is the calculation of flight conditionYs in
ac-cordance with the Military Standard 210 day type based on the ICAO

1.962 Standard Atmosphere. A second feature is the simnple combustion
chemistry calculation to provide the C02 and H-20 species concentrations
for an N-Tane fuel for those input situations when C02 is not provided
in namelist PLUMIN.

Namelist PLUMIN is devoted exclusively to the definition of the
plume by specifying the gas flow parameters at the nozzle exit plane.
If the ambient properites are nlown for the subject flight condition
of the target aircraft, as well as the nozzle exit gas properties, then
tpc plume calculations are completely defined by namelist PLUMIN.
Three parameters of PLUMIN (PA, U8, and XC02) are utilized to key the
program function. If XC02 is omitted, the subroutine CHEM will be
called to compute XC02 and XH20 as a function of EQR and TANE.

If U8, the primary nozzle exit velocity is omitted, the engine
operation input namelist POWER will be read and the engine will be
considered to be operating at the provided values of PA, UA, and TA in
air. This input mode is appropriate for analyzing engines for test cell
operations. For such an application, FLTM can be omitted in POWER making
use of UA or UA can be overwritten by designating FLTNI in POWER depending
on the availability of tast cell data.

If in addition to the omission of U8, PA is also omitted, the quantity
ALTPIM (IDS 2) will be utilized in subroutine. •RUST to calculate the
MIL STD 210, hot, standard, or cold atmospheric conditions as welt as cal-
culating the engine operation after reading narnelist POWER.

In the order shown for namelist PLUMIN in program FLINP (or PLUME)

in the program listing, the input quantities are as follows:

"RPN - Repeated from IDS 2 and should be omitted.

RSN - Repeated from IDS 7 and should be omitted.

XR - Repeated from IDS 2 and should be omitted.

RP - Repeated from IDS 2 and should be omitted.

KDATA - Repeated from IDS 2 and sh. "' be omitted.
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TANE Effective link number of simple fuel chain molecules.
The fuel assumed is represented by an HCH chain
molecule with atomic hydrogen ends:

H H HI I I
H-C-C-... -C C -

H H H

Ie., CnH2 n+2 with n links. A light ker'sene such

as JP-4 is represented by n = 9.0. TANE is preset
to 9.0 in program FLINP.

EQR The effective stoichiometric equivalence rat o
preset to 0.25 in FLINP. This input is utilized
only if U8 is provided and XCO2 is omitted.

XC02(i) The mole fraction concentration of carbon dioxide in
the priiary nozzle exhaust. If XC02 is to be provided
here, designate XC02 = 11 * .n where .n represents
the mole fraction. If desired, and the data is known,
the eleven required values can be entered individually
to reflect a known distribution. The eleven values
r- n r c o . .. .... ..... ... ... .. .. ...... . .. . .. .. .... ...

(or plug) to the edge of the primary nozzle. (See text).

XH20(i) The mole fraction concentration of water vapor in
the primary nozzle exhaust. Entry of H20 data is
similar to entry of C02 data and is required if XCO2
data is provided.

XCOZA The mole fraction coiceitration of carbon dioxide
in the ambient atmosphere, preset to .00033 in FLINP.

X)ZOA The mole fraction concentration of water vapor
- (humidity) in the ambient atmosphere, preset to

".00033 in FLINP.

S..... U8(i) The exhaust nozzle gas velocity in feet per second
relative to the nozzle. If a flat velocity profile
across the nozzle exit is to be entered, designate
U8(1) = 1U * n, m where n is primary nozzle exit
velocity and m is the secondary flow exit vclocity.
If actual profile data is to be entered, provide the
individual profile values in radial increments of
(W)N-RP)/10. to fill out the primary and secondary
nozzles. If U8 is to he calculated, omit US, and
a flat profile will be assumed.
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T8T(i) - The exhaust nozzle total temperature in degrees
- Rankiane. Data input is similar to the input of US,

and is required if U8 is provided.

P8 -TThe prinary nozzle exit static pressure in atmos-
pheres preset to zero in DATINT. The pressure is
considered constant over the exit of the nozzle.

PQ - The secondary nozzle static pressure in atmospheres,
F• preset to P8 (i.e., zero) in FLINP, and is constant

over the exit of the secondary nozzle.

UA Flight velocity in feet per second. Must be input
S..here if U8 is entered. (See text).

TA - Ambient temperature in degrees Rankine. Must be
input here if U8 and PA are entered. (See text).

PA Ambient pressure in atmospheres. If the ambient
pressure, t(,,mperature, and velocity are to be
calculated, omit PA. (See text and nutes inp program FLINP listing).

Namelist POWER is devoted to the definition of the engine operation
from which the plaune may ultimately be defined. Tfhe input data consists
of ambient atmosphere. flight condition, and eneine oneratinu rarameter.
The engine operating parameters can be provided in either absolute or
normalized form. p

As discussed above, the ambient conditions are calculated by the
use of a standard atmosphere model on a function of altitude, and a
meteorological code, MIBTEC. The flight and engine ram parameters are
derived from the ambient conditions and the flight Mach number, FLTh.

In the order shown for namelist POWER in program THRUST program
listing, the input quantities are as follows:

MEffE Meteorological code integer preset to zero in
THRUST. The zero value represents an ICAO 1962
standard day. A Mil Std 210 cold day is represented

Sby delnating, METEC = -1, and a hot day is represented

by, M' C = +1.

NORM An engine data normalization code integer. If the
engine data is in absolute form, it is not normalized
so designate NORM = 0. NORM is preset to 1 in
THRUST because the engine data default case is
normalized. (Qaission of NORM is not

. 51
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"recommended since it is difficult to distinguish
prepared data cards in its absence.)

JEIJET Number of co-annular jets integer preset to 1 in
THRUST. If a mixed exhaust fanjet engine is being
analyzed, designate JET = 1. Designate JET = 2 only
when the secondary fan exhaust is separate but
coplanar with the primary exhaust. A non-coplanar
fanjet engine can be synthesized by expanding the
secondary to ambient pressure and considering it to
be coplanar which requires some pre-input manual
calculation of a ficticious secondary nozzle.

FLTM - Flight Mach number. This value will overwrite
previously entered values of velocity.

TSFCC - Corrected thrust specific fuel consumption in pounds
of fluel per pound thrust per hour r4,/T) if NORM = 0;

or WF/(T* ) if NOR- 1 where 2 TT2/SR 688

and TT2 is the flight ram temperature in degrees Rankine.

RREC Inlet ram recovery factor in decimal form of the
ratio of t L•. -U . .If=
ram pressure.

"" FN Engine output thrust (T) in pounds if NORM 0; or

(T/6T2) if NORM = 1 where 6T2 = PT2/ 1 4 . 6 9 6 and PT2

is engine face total prm: ;sure in pounds per square
inch.

FNRT -Engine rated thrust (RT) at the 100% or intermediate
power lever setting in pounds if NORM = 0; or
(RT/•T 2 ) if NORM 1.

EPR - Engine pressure ratio as the ratio of the(rT7/ •-2.astertoo e

nozzle exit total pressure to the enginu face total
pressuie. If NOPM = (, EPR =' PT7 in psia.

PPR Secondary pre5sure ratio (PT2.5/PT2) as the ratio of

the secondary nozzle exit total pressure to the
engine face total pressure. If' NOR$M 0, FPR PT2.5
in psia.
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IDS 6 INPUT OF PREVIOUSLY COMPUTED PLUME

This input data set provides an input mode whereby a previously
computed plume can be reinserted into the program for further, different,
or repeated analysis. A control value is required in namelist CASE for
K1ATA: i.e., KDATA = 2XXXX. When KDATA is greater than 20000, the entire
pltmle gas data array will be read by the program from input cards in
program PU'1IIJ.

Inasmuch as the input cards for this input data set should have been
produced by the program in a previous operation, no attempt should be
made to prepare these 7544 input quantities manually. The following is
a brief summary of the contents of the plume gas data array (PLMGD):

PLI4D (1) = DEIANI 6AMB - PAMB/14.696

(2) = T11EAM 0AMB TA/518.688

(3) = METEC+2 Meteorological code

(4) = TA Degrees Rankine

(5) = ALTPI12. IR target altitude

(7) = PNRT % normal rated thrust

(8) = JET Number of co-annular jets

(9) = WP Primary gas flow rate (lb/sec)

.. (10) = WS Secondary air flow rate (lb/sec)

(11) = WF Fuel flow rate (lb/hour)

(12) = FARW Overall fuel to air ratio
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'ITPN -. The effective total temperature in the primarynozzle (MT7) in degrees Rankine if NOjRN = 0; or.Y7/O2r jf NORM ii.
7TSN n eThc effective total temperature in the secondarynozzle ,TT2.5/oT

2) if NORM = 1.WAPAC - The primary nozzle gas flow rate (PW) in pounds per
second if NORM = D; or (0 ) * . T216T2)

V02 6 2 if NORM 1.WASAC The secondary nozzle gas flow rate (WS) in poundsper second if NORM 0; or (IVS *V-T2/-1•/T2) if
NORM 1.

Affill
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PIMGD (13) PNPR Primary nozzle total to static pressure
(Cont'd) ratio at the nozzle exit.

(14).= SNPR Secondary nozzle total to static pressure

•-- ratio aft the nozzle exit.

- (15) = PTP Primary nozzle exit total pressure (PT7)

in psia.
(16) = PTS Secondary nozzle exit total pressure

(PT 2.5) in psia.

- (17) = TTP Primary nozzle exit total temperature

(-T7) in degrees Rankine.

(18) = Trs Secondary nozzle exit total temperature

CIT 2.5) in degrees Rankine.
(19) = FN Engine nozzle force or thrust in pounds.

(20) = PNMACH Primary nozzle exit Mach number.

(21) = SNMA(:II Secondary nozzle exit Mach number.

(22) = PNVEL Primary nozzle exit velocity in feet per

(23) - SNVEL Secondary nozzle exit velocity in feet
per second.

(24) = P8 Primary nozzle exit static pressure in

atmospheres.

,_ (25) = PQ Secondary nozzle exit statis pressure in

atmospheres.

(26) = RP Primary nozzle gas constant in feet per

degree Rankine.

(27) = RS Secondary nozzle and ambient gas constant

in feet per degree Rankine.

(28) = A primary nozzle gas parameter.

(29) = A secondary nozzle gas parameter.
(31) XEN(l) A primary nozzle interior station in

negative .inches measured from the nozzle

exit plane.
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PLMGD (32) = REN(l) A primary nozzle interior radius in inches
(Cont'd) at station PUhIGD (31).

(33) XI(3) The primary nozzle exit station of the
.-. secondary nozzle exit plane fixed at zero.

(34) - REN(3) The secondary nozzle exit radius in inches
preset to primary nozzle exit radius in
DATINT.

(35) - NEN Number of primary nozzle coordinates in
PLMGD array.

(42) = RF Nozzle plug radius in inches at nozzle

exit plane, preset to zero in DATINT.
"" (43) = XF Nozzle plug external length in inches from

the nozzle exit plane preset to zero in

DATINT.

(44) - RPN Primary nozzle radius in inches.

(45 - 94) A table of plume stations in feet from

nozzle exit plane.
(95 - 144) A table of number of plumie rndii at each

plume station in integers.

(145-7644) The plume gas data table containing the

plume radius ordinate in feet, the plume
velocity in feet per second, the plume
pressulu in atmospheres, the plane temperature

in degrees Rankine, carbon dioxide concen-

tration in mole fractior4 and water vapor

concentration in mole fraction.
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APPENDIX A

ORIENTATION AND DEFAULT SAMPLE

ASDIR-II geometric orientation and a program default sample are pre-
sented in this appendix. Three example or demonstration IR signature.;
are developed in the following appendices. All Samples and demonstrations
therein presented are purely generic in that all dimensions and engine
performance data were arbitrarily assumed. Consequently, these cases relate
not to a single aerosystem, but directly to all aerosystems.

Figure Al shows the general scenerio representing the domain of the
ASDIR-II program. Distinctive features of the scenerio as interpreted by
the program are indicated. The aspect angle of the observer relative to the
targetted aerosystem, (indicated in Figure 1 as ASPDEG), is the included
angle measured from the aerosystem's flight path. This angle, ASPDEG, is
derivable from elevation and azimuth angles relative to the aerosystem as
shown in Figure A2 and A3. These angles are each derivhble from absolute
(relative to earth) elevation and azimuth angles from the pitch, yaw, and•,. roll angles of the aerosystem. This resolution is not shoi~n. It is to be
noted that ASPDEG and elevation and azhimuth are the only angular measures

relevant to the IR signature.

Tihe line joining the aerosystem target and the IR observer is designated
-n th ji- ... .. ......... indi..... ?t., 1 A i c-, iii i'igL Ie A4, the

axis of the plane which contains both the R vector and included angle
ASPDEG, the DZ axis, is the major axis of an apparent projection plane. The
DD axis, othogonal to DZ and R, is the lateral axis of the apparent project-
ion plan. The establishment of the DZ, LD plane provides a reference plane
onto which the nozzle exit area and plume radiant intensities are projected
in preparation for the spatial integration of the radiated IR energy into.
an IR signature. External radiating surface intensities are taken by
ASDIR-II to be in the DX, DD apparent projection plane whose physical loc-
ation, conceptionally, reprc:;ents an image screen normal to the IZ vector
between the observer and the target aerosystem at the "near" edge of the
target geometry. Distances of various parts of the target to the apparent
projection plane are ignored as is atmospheric absorption of IR energy along 4
these distances. The process of defining elemental ray areas, subsequent
integration of radiant energy emission and absorption in a ray element,
and the ultimate projection of elemental ray energy onto the apparent
projection plane is depicted in Figure AS. Circular section area elements
(RAR) are defined on the apparent projection plan (DZ, DD). Tntensity
integration along any ray parallel to "RW is initiated at the projection
of RAR either on the nozzle exit plane (designated "0" in Figure AS)
or at the far edge of the target, and progresses through the target "I"'
to the apparent projection plane at '.'Q". Integration of th.. radiant in-
tensity over all ray's to the geometric limits of the target represents the
source radiation of the target in the direction of the ý !rver.
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For assistance in the installation of the ASDIR-I1 program on various
computer systems, the program has been initialized with appropriate quantities
representing input data of a simple plume-only problem for which the IR
signature is computed over a very narrow TR band. These initialized input
quantities are referenced as the default sample case. The primary objective
for the default sample is the exercise of ASDIR-II in its new installation.

The default sample case is executed with a "blank" Input Data Deck as
discussed on page 7 on the report text. The output to be expected is
shown in Figures A6, A7, and A8. This output represents a minimum output.
Additional output for the default sample case may be requested by including

Ar appropriate control codes in the input as discussed in the guide text, and
demonstrated in the following appendices. Figure A6 shows a typical

MA output header consisting of program output which describes the case under
study. The output listing of the input in Figure A7 is a complete listing
of all data registers addressed in inputs utilizing the namelist format.
Ile namelists to be found in the output encompass only IDS2 and IDSS.

As may be expected, the default case is ultrashort, consisting of a
single set of values and a very narrow (.1)4A) IR band. The entire IR
signature output is shown in Figure A8.
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APPENDIX A FIGURES

FIGURE NO. CAPTION

Al GEOMETRIC ORIENTATION - SCENERIO

A2 GEW-\•CRIC ORIENTATION - OBSERVER ASPECT

A3 GEOMETRIC RESOLUTION

A4 GEOMEARIC ORIENTATION - APPARENT PROJECTION

AS RAY PROJECTION SCI.MATIC

A6 DEFAULT OUTPUT HEADER

A7 DEFAULT OUTPuT ITSTING OF NAMELIST INPUT

A8 DEFAULT IR SIGNATURE OUrPUT
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ELU E At-ALYSIS

SFLICHT rCONOITIGTTIS T iir

WEATHE R IS ICAO 141 SIC 210 STAtODARO DAY
i{TIH GQ,;331 WLjEP CONTENJT

VI1L CCNTýftIL ýL OT EXP;-CT P __-

0 - T:ESSURAiYE OF 14A.7 PSI'~ *__

VELOCITY OF 24'.. FT/SEC.

13 RUNNIN.Q WITH AUEL_ _JIVALNNE RAýTIO (FO.F. OF .21-A

SFLOW FIELD INPUT

RADIUS VELOCITY TEHPEý'ATURE XCO2 ý111
(FEET) (FT/-,C)--- (OFG, R)_

0U i56-A 1759.02 (~33iJL9 .0 367L,6
35-___5_._I_ 17v,'-.12 C'

3 3 14 9  
236 J

.1%)ý _1 85b. CL 1769.ý2 .C33149 .0367 56

.2 30 1 R56.J 15 7bq.02 .033149 .0367'ý6

.25~ _ 1856-(8__ 1769.02 3 *~3149 .--367915
.33OG 1856.CS 1760.02 [C33149 .37ý

.3 5 0 3 156.183 1.7 692 .19 .n 2367%,

.4 0U0 1856.08 176,..02 .03314.9 .03&7:-
# 50 u 18 56.38 1769.02 .C33149 _ -.367'ý6

AR 50%0 1F56.25 1.769oC2 L-033149 *Z36796
SAMPIENT. CONDITIONS

__ ___ .50 243.82 5iý.67 .000330 .OC330

~_INFPLI PAkýAMETFPS_

_____PL'J ME AIMa T 7NT

PRSU~t P 1.303 1.nCG ATMOS.
SPCFCHACP .29,# RTUJ/LS-F

---GAS CCNSTANT* 53.456 FT/F.
SP. HT. RATIO 1
14ACH rNUM IER

GPIX = coccoccl,
________ .5OC Yc 2.,5 3b OEP~n 43.65s IL= 14.7.993

FIGURE A6 DEFAULT OUTPUT HEADER
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4 S$CASE

ABB =0.0,

A L *i.E404t

ALTOF3S 0.60, 0.0'0 0, 0.0, 0.0,

ALTPLM 0. 0,

AMF 2*ZIE+0ip

AMI .2E+fli, 1
ASPBEG .9E+02,

DDs *1.6E4 02,

EAREA =0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.01, 0.0, 0.0, 3.0, 0.0,

ETEP4P 0.0, 0.0, 0.0, 0.0, 0.09 0.0, 0.0, 0.0, Poo, 3957 u.0,

IFILTER = 0,

IL =-1.,

IRADCK =09 RAYPNT =0.0,

*ISPAT =0, TBACK Coo.,

IrnU = -iO TOBB 0.0, i
ITYPE = i, TERM =F,

KDATA = i, NUFRST =0,

NA = 5, ICHECK =-2,

NANGSEG =39 RPN 0.0,

NATMO =2, RTE =0.01,

NExrT = ,ANL =0.0,

LNEX TO 0 RSN 0 0.0,

NFLW o, Xp 0.0,

NP 0, RP =0. 09

NRANG =1, AR 0.0,

NUINC .5E+02, SEND

RANGE = 0.0, V0.09 0.0, 0.0, 0.0,

FIGURE A7 DEFAULT OUTPUT LISTING OF NAMELIST INPUT
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$PLUMIN

RPN -5+0

RSN S- .E+60,

XP = 0.0,

R P = 0.0,

Kr)ATA = J,

TANE = .gE+Oi

EQR .25E+00,

XC02 = .33E-03, *33E-03, .33E-03, .33E-03, .33E-03, .33E-03,
- .33i- -- 3-?f---3 -3-3 E- O3,--33E-0, -

.33E-03D .33E-03, .33E-03, .33E-03v .33E-03, .33E-S3,3

-- XH20 .33E-G3, .33E-.-3, .33E-03, .33E-039 ,3lE;-03q .3!E-'3,
.33E-03, .33E-03, .33E-03, .33E-G3, .33F-331 .33F-0,.t

XCO2A = .33E-03,

XH2OA = .33E-03,

U8 = 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, U.0, 0.0, 0.0, ".0, 3 .J
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0. O.fl , 0.0, 0.0 0.0
0.0, 0.0, 0.o, .0 0.0, C.0 , 0.0,, a .0 , 0.0, 0f.0, U.0

TBT 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 O 0.0, 0. 3•, 0.0
... 0.0, 0.0, 0.0 . 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0

0.0, 0. 0 0 ,0,v 0. 0, 0. 0, O. a , 0.01 0.n, I . I, I , , 1 •. I . I

S. . .-- 0}-#,0q .0,0 0,0 u 0 . 0, 0.0, .1 0.0 , 1 O .O,- 0 0 t-],], .3
0.0, o0. 0 0. 0, 0 .0 9 0.0, 0.0, 9 .0, 0. op 0.0• p I. , 3 . 1

PQ 000,,

UA = i.E+02,.,

TA =.5i9E+03,

PA = 0.0o,

$ENO

AT-
,FIWtRE A7 DEFAULT OUTrPUT LISTIING OF NPMISLIST INPbUl'(cont'd)

*1
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I

$ POWER

METEC 0,

NORM = 1,

JET 1,

FLTM = .ZE÷0I,

TSFCC =996E+30,

RRE =iEUlv

F'N = .2593E+04p

FNRT = .2593E+04,

EPR = 0232qRE+01,

FPR = a.O,

TTPN = .1758E+04,

TTSN = 0.0,

WAPAC = .439E+02,

WASAC = 0.0,

S;END

,FIGJRE A7 DEFAULT OUTPUT LISTING OF NMIELIST INPU'f(cont'd)
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1UPiT RYWAi1ALE TU DUG DOES NOT
PE411' FULL.Y LEGIBLE PRODlUCTION

PO~rINT SOURCrE IRZ INTEN~SITY

SPECT'rAL t3AND - 2--5 TO 2.10 MICrQINS-VEPIOL' ALTITUDE - - --0C K !1 .OR - i
ASFECT ANGLE - 90.C rlEGRFFS IN A NOR~. tTMOýPNFP.F~
EFFE07 IV- -ILACLK BODY ARY-A - A 93 - 2. C L' - GM5r
E FF C -rTV;7 3.3 T EVP EýIT Ut C-: T,3;1 = J'CO0GO DEGK

SLT if(, (Kvi/NMl) t 0.

09 ALT (KM/'(FT) a, a

RCKGRND (W/STP) 0 0 LC 0
PE~TAI q -twsT;,i r _ _ _ _ _ __ _ _ _ _

MTT IET (W/STR) 0ci
- PLM .GAS. (W/ST'ý) ý

EXT EtlS WSW/5] 0. ccO
APP 9AO (W/ST(ýi .O39~? -

FIGURE A8 DEFAULT IR SIGNATURE OUTPUT

-A13-
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AOyjVAILABET UDC DOES NOT
"PEF LEGIBLE PRODUCTION

APPENDIX B

GENERIC NOZZLE I DMhJNSTPATION

A typical turbofan engine-only case has been developed for the purpose of
demonstrating the basic operation of ASDIR-Il. Various basic output modes are
also demonstrated. This initial demonstration involves only the IR energy .'
radiated from the internal hot parts and plume of a separate-flow, coplanar,
axisymnetrice turbofan engine exhaust nozzle. The nozzle diagram for Generic
Nozzle I (GN-I) is shown in Figure 11. This rather short exhaust system is
sectioned into two strea•ns :uid each stream is sectioned into several fluid nodes.
The stream fluid nodes are defined by the containing surface nodes as indicated
in the figure. The surface node length is selected such that the geometric
curvature is negligible, the surface temperature along the node may be consid-
ered constant and (or) the length does not appreciably exceed about 20 inches.
The entrance and exit nodes are numbered (last) as if they were a surface node
and are assigned a temperature and emissivity as if they were a solid surface.
Of course an exit node appears, in radiance, as if it were a cold surface rep-
resented by the background temperature. Since radiant energy passes freely
through an entrance or UXLt (surface) node, the assigned cinislsivity is ulity
(1.0) as if the physical mechanism were 100' absorption or emission, which
it is. GN-] also employs the special fluid nuodus represcenting thenmal sinks
(or sources), and conduction nodes of heat transfer.

ThQ nt y ? -1-1,. ývt,21"!nl., •t .,•j ,.j.,xriu 1',., nr.Q nrp• tn 1ii, ,,•r l ivh
ASDIR-I1 by iuse of the 03 code in IDS-1 and the -1 code in iB-7. The last

card of the view factor Input Data feck is, appropriately, IB-48. A computer
listing of this Tiput Data Deck with instruction steps annotated for the view
factors of MN-1 is shown in Figure B2. The view factor run also provides a
suxmury of the internal flow parmneters, calculated wall temperatures, etc.
in its output if these quantities were requested in 1B-2. The fu~l output
(print codes 1 through 10 requested) is provided in Figure B3. In addition
to the printed output, this program execution also provides the punched
(view factor and area) cards. The punched deck "header" card and "end"
card are removed and the deck is inserted into the Input Data Deck as IB-10
and IB-11 as punched. The controls of lDS--l, 11-2, and 11-7 are changed,
in this case, to 01 code, Zero's, and 01 code respectively. The remaining
input cards are provided (IB-49 etc.) as required and the Input Data Deck

Sreay of generate the IR signature of ON-l of Igmio.e H1 and its pltune as
shown in Figure B4. Figure B4 is alpQ annotated along the left margin with
instruction steps.

A summary of the internal hot parts- enssion eminating from die nozzle
is provided in the output which shows equivalent black body area (ABB) and
temperature (TEB) as a ftuction of aspect angle (ASPDITG). This stummary,
shcown in Figure 135, is developed in ASDIR-II by expressing the peak radiant
energy of the hot parts emission in terms of area and temperature. Further

!- l



along in the program, the emission from the engine interior is determined
from these areas and temperatures by using the black body spectra over the
specific IR band of interest. For this reason, the band stated in Figure B5
must exceed the specific IR band of interest and must extend to a sufficie, ntly
long wavelength so that the " *** CHIECK" notation is not printed. This
upper band limit is controlled by WL in IB-56. The IR signature "output header",
shown in Figure B6, provides, primarily, case description summary information.
The contrail comrnent is preemptive and is (at reporting time) inoperative.

The input data of IDS-2 and IDS-5 are printed ii, the output to show the
input data actually controlling the program. The output listing shown in
Figure B-7, are quite helpful in diagnosing a troublesome run if the input
data was actually different than intended. These namelist writes occur soon
after the namelist read only when ICIIECK-- 2,

A gas data description of the plume is printed in the output when the
second digit (D) of KDATA is set to 1, as shown in Figure B8. A total of 49
stations are generated and printed, but only a few printer pages are included
in the figure. When the first digit (E) of KDATA is non-umity, selected
quantities of the plume gas data are plotted on the line printer. A value of
five (5) will plot the velocity values in the plume as shown in Figure B9.
The output format for the IR signature is shown in Figure B10. Again,
because of the many pages of printer output, only a few aspect angles are

s5'. It should be noted that altitudes and ranges are printed-out in
I :meters. The spatially resolved IR emission can be plotted by use of an

illiary CALC(\IP program and plotter. ASDIR-Ii wiil produce data cards
so; table for such spatial plot by designating ISPAT=2. The resulting plot
wiJl appear as Figure B11 for a brondside aspect of 90 degrees. When ISPAT
is specified 1 or 2, the spatial data is printed as shown in Figure BI2. I
In this data listing, the columns are headed by quantities described in
Figure A3 and A4 of appendix A. Ifitensity values are listed as watts per
steradian por cm2 under headings of rang- mnd designation of filter. TheIR signature is plotted in polar fonr in figure 1 3 in which is shown the

effects of range and observer altitude.

COPY AVAILABLE tO uu^ DOES NOT
PERMIT FULLY LEGIBLE PRODUCTION
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APPENDIX B FIGURES

FIGURE NO. CAPTI( N

Bi GN-1 NOZZLE DIAGRAM

B2 GN-1 VIEW FACTOR INPUT DATA DECK

B3 OUTPUT OF NOZZLE INTERNAL ANALYSIS

B4 GN-1 IR SIGNATURE INPUT DATA DECK

B5 GN-1 INTERNAL T PART'S SU•NmARY

B6 GN-1 OUi''PUI HEADER

B7 CN-1 OUTPUT LISTING OF NAMELIST JNPIUT

B8 GN- 1 PLUIME GAS DATA (S/AIPLE)

119 GN-1 PLUME GAS DATA PLOT

B10 (N-1 JR SIGNAIUI3 OUTPUT (SAMPLE)

Bll (N-1 PLUME RADIANCE SPATIAL PLOT
.B12 GN-I PLUME RADIANCE SPATIAL DATA

B13 GN-1 JR SIGNATUhRE POLAR

-B3-
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IDIDS 03

1 THIS IS THE FIRST ASDIR II SAMPLE I4PUT SET

1 GENERIC NOZZLE I>

2
3 0204180401 . .... ........
4 0.0 18.0 2.0 18.0 -1.0 0101
4 2.0 18.0 r.0 17.i -1.0 0201
4 7.00 17.7 12.0 L7.1 -1.0 0301
4 12.0 17.1 18.0 16.1 -1.0 0401
4 18.0 1i. 1 4.0 15.0 -1.0 0531
4 0.0 12.2 2.0 12.2 +1.0 060U .
4 2.0 12.2 7.0 11.9 +1.0 07fl2
4 7.0 11.9 12.0 11.3 +i.0 050?
4 12.0 11.3 1A.0 10.3 +1.0 090ý
4 18.0 10.3 24.0 9.38319 +1.0 13,2
4 0.0 12.0 2 .3 12.- -1.0 £103
4 2.0 12.0 7.0 i1.? -1.0 1203
4 7.0 11.7 12.0 11.1 -1.0 1103
4 12.0 1t1.1 18.0 £0.1. -1.0 14f3
4 18.0 10.1 24.0 9.18936 -1.0 V5i3
4 0.0 6.0 2.0 6.0 +1.0 1604
4 2.0 6.0 7.0 3.7 +1.0 1704
4 7.0 3.7 1'2.0 0.0 +1.o 18041
4 1£2.0 00.0 24.0 00.0 +1.0 3504
5 0.00 12.2 0.00 18.0 .-1.0 0600.0 19
5 0.00 6.00 0.00 12.0 -1.0 1 1o30.0 20
5 24.0 9.38318 24.0 15.0 +1.G \UJ450.0 21

5 24.0 00.0 24.0 9.18936 +1..6 0- 4r .0 22
6 24..0- . . . .:7 00-t..

14 010G00

14 0205 .

15 0607080910
14 0305
15 1112131415
14 040400 ..
15 161?1835
16 .10001 00.0 24.0 .. . .. ......
17 430.26
18 05 ... . . .. .....- - . . .
19 2300 01.0
19 2 40a 04 .5 . . . . . .. . . . . . . .. . . . .
19 2500 09.5

19 26 00 1 5 .0 ...... .. ... . . . . . . .. .. ....... .. .19 2700 21.

20 0100 0.1 .... 1.3
20 0200 0.1 1.3
16 020101 OU 24.0 ... .
17 265.29
18 0500 ... . _.
19 2801 1.0
19 2901 4.5
19 3001 9.5
19 3101 1%..
19 3201 21.0---- .
20 0301 0.001 1.3
2 0 0 4 0 1 0 .0 0 1 1 .3 . .... . . . . . . .
41 O0

43 22.636 1400.0 53..3& '.33 " nZ-.
44 23.154 605.0 53.3 ... 0 . 15.
45 U2.232 - - . "
46 01.230?240325042605270O623072L402B1509261027112812q".1- '113111 1"'1?291830

19232G2l2•1272232------------
47 o0
.47 00--------o___- 

___

FI(URE B? GN-1 VIWV FACIOR INPUT DATA DE LK

S. _•P



A I .G 1

P U P~ T C TI1ON P P OCGPAHM

T E . . SUITS 10ONTAIN w~FOLLOWING INFORMAýTION,-

t. L'9OUr*1fl0lr0SSO' FLOW~ IKFOW4AT1OH.
, zt lpri. r _-jrgIT TCAr .VA ¶.,rf1LAAT!V L

A ~V7AG: -IiTACE WEA V T)7-AKSFLL (.0CLFEiClrNITS.-
4. 4V 7

- kE! rYyT
0 Cfl5S Tz PEFATURPS.

- . u;FC, LohNr-TtJcýtAT1101.

SYS. 4vi sriý.t~r~ FflPrE FACTOP CALCULI'TrONS.
-. SY;U 14 1 JITNAIlb VIEW FACTORS.

-- - 6. SYST.I W.ILL TrHvFQLtTURVS.
GoSVSi'14 VT4,-kNP '11

6
W FAI1OPS.

-. * SY¶U IH I VWnATTCN 0ETTFfQNS.
An -ii. SYST 'M ROA V1I 1ON LL L 2 ANOWI DiNS. -

FT'GUPYPJ B3 CN-t.] OUTPUT O1P NOZZLE iNFERNMl, ANALYS IS

COPY AVAILABLE TO 1100 DOES NOT
* ERMIT FULLY, WllBEPQUTN.

-116-



FLOW S17F8M NO. 1 FLOW INFO'.MATION

AYIAL O'JTrR INN'° FLO)W STATIC PRIMARY I'XM4LRY pq 1?4tpY PI14ARy
DISTA'rr SU0PF DIS SURF I5S .. rA FF_-S9 MACH NO F.C TtMP VrLnC•TY 0DNSTTY
fII2HF SI ( H) (INCH-S) CSi fl)r (LR/SCtN) (JEG r) FT/S: C) aLR/Ct)FT)

C.Clt 12'. c 6. L2 339.29- 18.76 .... 537.F 1292.23 9-C5.32 .0438

S1.00 -12.0' . .1. _ 339.29 _ 18.76 ._370 1292.231 9(5.32 *? cliB

2.03 12. 6.. . __ Z_3.9.. 18.76 .537U 1292.. 21 9.32 .V5.3 C_

30 11.94 5.54 3±1..6 .19.1 _ vicq 1292.95 862.41 'Lt13

_.,. It. .8 5. ". 162. 31 19. 16 I .896 1293. 9 828. 11 C. to.8

5.02 It. 2_ 4. 6? 371.8 e_ 19.6 F .LY?9 120?3 . 92 8 C 50.3 .2421

6.. - 1t.7 4. 16" 38[ .11 19.72 . .'. 9-Z 1294.25 77F, 42 .,423

7 . 0 C 11.7 3. 7) .3117., 1 ig. L .54 ;448- 1294.51 7 6 c .e9 r.r.25

a8, 11,i ... 2.r 333.7r, 19.9 . .. *438$ 1294.73 1 4.T .79 027

9.uO 11 .4F 2.2? 397. i 2c.01 .4341 1214.8'•8 737.02 ,28

±cc L 1.m 3 I t 397.11t 2'.¾01 .4341 1294.84 ý737.02r .C"28

"" l.ci Lc . 22 .7', 3q7. 77 19.96 4_..3nP i 2r.'4. ? 3 744.74 &127

12. " F Ii. . 2 3A. 3071..8 L9.0 *44- r. 12 94.52 702,891 .142S

13.l( 12.93 C,,; 375.54 19.63 .1-t' 1. I ('f'..t'f *:•. Led

14-.00_.... 1..7-_ . 0.. 0 364, 1_ . 19.. 4 .45.86. 1293. 5. A 522.55 .34,8

is. v 14.6- 0.2 G5?. ig3.9 . i9 . .5078 1293. P03 p57.35 .041' .

16.•0 12.43 0..1 341.98 _ 18.8 .. .1314 12Q2.4D 095..39 0409

_ 7..0 1. .27 _ ._ 3.11 . 331.-,4 _ 8.5C .. . ..5 75 ... 129t.65 937._3 _V .1414

18%0(: 12.1 . 0.0"9 32". 47 15 A. 12 .5668 12?0.84 9(4. 06 . 397

19.00 9.95 0,0.10 31C. 91. 17.11 .6171 1289.14 1031,92 . 39±

2t-._0 0- 'l• . A. - 0.4 b 1. 321_._-5 17. 23 . I ± 12 2.58e6 16 A6.4 _ .1383

2.1C0 9.6 0._) 292. 23 16.6E .:931 12A7. 53 1IC.x13 .0373

22.o0 _ 941 C . .0, . ." 2A7.± __ 15..9 .7442 1285.8i_ 121.U7 .0261

23.e f a .a-3 0.01, 274* 13 14489 .Bi4F 2!3.32 1332.99 ,1 *43

24.01; 9. 9_ 0. 0) _ 26r..29 12.29 .9961 1276.39 1591.89 .0Z97

• FICURI3R 133 C(N-I oUTPUrrt OF NOZZLE I NTRNAL Mi.. 'IS (conrt'd1)
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FLO)W STNrA4 M C. I HE AT T R4NSFl INF OPrM TTON
SIJRFACý NO. I

X y MACH VEL SKIN HT
U1K. (it'.) 140 IN.) FrIC T ION (8Tu/SOFT.Pý-nT(rF)

0.~~~~3~ 6.% .58 .V28 . 47 133.7R8

i.c" 6.I .3 -- .'-37a68 * 015282 S1.49F

* ~~~'' 4.~ .63 - ~'62 2 80.70"

4.CrI r..RE .4.9C .1221% 0029 63.783

5.01.l 4.62t .413 .157255 -. i.1279, 58.351

6.'i L 40 1.167 .459 $196524. *ojjtLI 5.)1

v.6 o:o 0 .7 4V9 --- *-242,1C1 - 0 -032C-97 -- 51).385

S.tZ"c 2.9A( r, .Cl *32'722 .091 au50 45. 991

9.0 2c2 443 48 9 6 9 .005-72 - 41. 08 I
I11.1C% 1.j 1, .5 138 3 1%4 27 3 7.Q96u3

i1. c't a.74 *L.3y V.r~3 I -1u'33 6 33.s,

-
IR

* 1--nPJICIA B3 W-,U (II T OF~ir NB0ZZI.l-. i!9lI3tA1..ANAI.YSIS(coiit'dJ)



.FLOW S1 LrAM4 NO. I HF AT T RAMSF I INFOF NA TION4
-. SURFACE NIO. 2-

X Y MACH DEL SKIN HT
(I. ill.) NO (I N.) FPWOTION (OT U/S OFT,.HFPiFtI

-- C~) 2.. qi .61 A&%9 . 34?7 1.33.728

I.0' i22 .538 - .378F8 -. .i5?82 9.

2. D'?r 12. -9 ,536 - qg r.4a4f2? 82

3. C' j1.9C. .51 .ft8 347 7ý. 84 8

7.V~ I1'30 1o~ .Ir.2390 C02367 5., 147

9k.v il.LCA *L4 3*.1814qF .0'2058 %3. AA
0

-

1C).4.30 ,3. P2Ir?0G 87 L?.87

11.(' 11.220 .419 .?228257 .012,'31 !1.2Q2

- 2.cr 1110 .. "49 .279114 .03247? -

13.00 IZ.*933 .i .249199 n02839 52.831,

14.003 10.767 .416 .258879 -. 003162 - - 54.087

±c.oo a is.L133 .r, *28'411. .9i379 7 1,6. ý9S?

-~i7.PA%, 13 .267 .5,4 - *0?92& .30G3918 E6727

18a:.0of -1 .1O. S7f -.3 21524 .0412 --. 6

*-19.01 c0 9.9.8 .617 - 1 .09 0.7 .094255 5 7.2?6 r

20,0 97q6 --. 652 i3Ub?9 *0CA379 96L

* 103 9.0 63 .4319i7? .001449 4 56.2 43-------

22.03~ .cq f' .38o9c) n4Q 54. 972

23.01 to - 9.3!,17 81 .L81148--- .004.72t 52.241

24;tCC0 93.1894 .996 4563 .09 1 4z. 94 3

FT I n-H B 3 (N- 1 CWI'1UT oi; NOZEIN-I]:INAI. , IA!S(to i



,• [ -

- ~m++ FLOW SIR16M NO. ? FLOW INFORMATION

AXIAL OLUTFR TINE? Ft. OW STATIC FECCNn. S r. u.No C- ECO•' . S+FrONO.

2IS'At:IC SuRr ?1S SURF ITS Ar A pPrS. M•,ACH NO RC NrMP VýLOCITY O0NSITY
.{.•__ ~ ~~( INCH' Sl T .(T Iru i) - ý .( • .H+ I~o (' SJF (_L9/SOTN) . . . ... (DEG _,). F.T/ 7.•C. .(_LP/CUFTI

a# 0,00 a 1. - ,12.?2 550. 8 - 1 .. _ ,6 .5344 . 61.37 626.58 °.9c

, t.,_-. 1 -a. -51.2P 1-. (-___- 346 661.37 62F, 88 Lg0o__

S30'ff 7 t? qc ,I 1 514_ ., 9 19.32 .5378 6ri, .. 3 5 '., 39 eS995

S" C+ j7.( i7 81 --._ , C 5 .59-50 1. .... zB,._7+ .... , V 1it.. . 2 , 9 633.,96 ,'697

17..C 178?• 12.t' 543.72 18.93 .54 ?6__ . 2 637.r57 ._ C8 95

6. C- 17fl 11 t.%9i 5E, 5 3 Is.88e .54 76 6r 1r.21 6L14.24 .ý81)4

S7,i" 10.7' 11. 9 i, ItR.8L, .5509 6[1.17 644.97 03892

Ad.S - .5A 1. 7., 531-. 174 .5579 . 1.. 8 1 .62- C59

- 9.H1 1?. 116I~t5 5 3 .-6.6 18.54. .586 6:98 6~' $

MlO ?.;LIf I7.U jj.J q't-. 1 134-;L A7?l IA i' e n c..: -

11,l _ 17.? _ 1 j.i..' 5?1. . ja..,ý 4 3 .*ar_ 6C.. 76 F77.0: .'879

1?.% _ j?,1' 11.32 51,7, 48 18.32 .5881 b66.67 68..7 .0387r

13.4! 16.93 11.13 4.1. '1 1I.16 .5137 6'•,• C09.32 ,r,86"9

• . _. 1e;.U_ 16.?'_ 1... _ ,9", _ . + , -+ w+.9• .. .. ;6..11.9__ 6.35 -"J 7lzje_. ,.-.,,A,

15.^v 16.6_ 10.81 - 499.6 17.79 .625r' 666.16 725.7o ,857

16.I' 1f,3 .... 1.63 493.19 171.59 .t. 389 r99.9% 7C.6 0. .085c

17.0C 16.27 0.. ' 4A7. • t�.17. 3?_ .6_18 _ 599.75 756.57 _.CPt2 _

!5r." 1 1t. 3' L81.94 17.k .F6q8 599.51 7'3,6' .C83'"

19.1c 1i5.92 10.z I;_ 472.42 _ 16.77 .695• _ 5q9.14 8'.' . 821

-q.. 173 999 463. 86 -16.4 ILI3 59R.76 _ 5!0.32_ 8* 'S.

2" ,0C - 15.55 ...... 455.36 15; .3 .757. 59.1. 1?5,06 .0788

22... S.. 15 41 . 9. 69- _ 446. 9 15.21 .. _.*7915 . Q7. , - - r.T .9 4  ,e7'].:

MCI2.6 15 .I18 ___ 5" 43A. '3;.6 14.36 .854P 96 5. f-0 -IC26 l r171,

" c 0 15.0 . 9.35; 41 .26 1,?.27 _ .9973 5•_R.16 10',8. 1 *0 57
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(IN. i,. U N. M6O .. RC IN (T / Oý,r9 7~
-2 ý 0 .t ý 1. 0 . i 97 9 ' .. " ' '. 18.. L. 32

II

I c .1 3F ?i~f'r ri kT mu3q93

-t .... ý r982

5.1 F1fl2 1STF ,4_N10. 2 Hr¶ TANS~rR INFOF33T6ON
I_ I. NO. 15 -C2

K -- HN.OH !EL - SKIN HT

( N,."it , : " 5 -. 4U. 5 &T,(

1?.C 5-a.2 ..47 b132±?-1 .C 2t A 4n.931q

2.VCS 12. 2%3Y .W -.34C5• .-- .r •-2 37- 9g3

S. o- -21.).63 .536 I.. ?9 -9 . V0C 019 C..39793

17. V 3 12..46 .1; 1-- 1,Z '325 .G01239 39.or

IV.• .0 LC IQ. ,"47 .655 1. 311".5 78 °n-T2g84 I-G.' 59

1 ~ g qqQ - I1,f•. • t. 3 r~•3?175 oc2rl 1.6C.? 5•-

22 L .01J 190 .2199. 137f 5(15 .009265 39.5E2?

Z.3: tlQ. .0 9 6 S5.b 1 05 81k3 ýI25 39.8953

11..r& 55t,(';Q r.a - , 1.3159 . OtZSZS LU,1!5

24.W 9i.3 .997" 1.I79,3 4 D27• -2..509

13.FIU 11.133 ."3Q WHIT OF .lI1gW1c . 16 S 1.0
IL, CI 10.967 012 - 1,213671 ,032•?t ... Q.7 H.•
1.7 j%_5l•Bj .E':?.5 1_,320'9 .0C,225?7 ,'C.R 7r

14.,'[, 1 ',, f33 . •'.9 -- 1.2511h11 .002201 1.C, 95"9

11.017 0.1.61i *A5, i.27I•32 .332 345 ',1.0O0'

--•XC-CG -th-i-. -- .- 95 1.T 5 !' ,Ol02t'.- .... . . 0.,8 . . ....

21',Q 9•F 1,., 142" .q57 1. 3t521R' -q .~2
t
S8 40.379 -J

22.,CU] -9.699 099. i.:37016c .00266r, - 39.275--

"23.C(}'O -9.5Th -- .'b5 " - 1.L058L3 .172750 38.153...
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FL 1WSIP MN.2WA PNFRTF)~TOrUF~ O
6y W~H ;rqTNH

U : T. -F~~j (T/SFPrrF

SK~ 1.V 13L4 SKINjj CG93-

1.ý 1. 7t,, i5 .:2i9f2 .('1883 - 3aoaqj

2.102 17.Wo '5p 1.1. 3W6 .0)18829 49.'q7

-.* 17.460 *5ý, 1.14 .00- 4C.qjC 27 C r~9c3.

c.Ct 17.38^20 1 1.d -- 2P(ri/ . r 2V .0193' 4n.9L0

7.C2' 17.22f .55 1.1392872 .0C1211c 3qJqq1.

-4L~ *C'?37 r 1.172e5 t C *Iir-2?69 L1.078 i
1j.*? 16.433 F,1 .' 1. ?n". *0f!'U2325 4a.37es

Is.'ct 17.V 1 1. ?15573 6 .-f"I 2%' -1 . 40
213. E 15.733 .72 1. 71%6 .)7- C2549 16 1. 3801

-1" iE.757 ?W .1 - t 5,qE-t .002622 40.9.07

±7.Ctu 1-.3±.67 .79 1.309g666 C70 41.1. .3

23.0^3 15.183 - : 1.5 11.341319 .ý:279r73I

-2b.611 15.00"! .9,37 1.4085CI2 .302914 - 3.q
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C 8WU/S DF T I HR, nP E6F

F NonC NO. T
a - ~~~~HT rcrFVIrtrNT C5* 354. _______ __

Sti:ýPAt'A 75ý.398 (SOINI

NODE NC. 2
NTtOFFICIN 78r_

-SU.;KFAr trrA_ 2L5.411. I5OItII

NOPE NO. 3
14'r C05,'ACrIE'PIT 57.513

EUkEICi APr-A 2,.CC17 (SOfIN)

wrLA CO FrlY'IVujT " 9 __ 354-. -

SCC!A"-A 15ý./9R (SCIN)

t.ODF NO. r - -

HI COarFIDI&NT 69.199 _

SLMVFACF AEUFA Lkd.!46 (';GIN)

NOVE Nc,. 6
HT I'CVFFICIE(JT ý9.298

SU%,F'ýCr ,jF(A 733.650 (SOIN) - .-

UT n NO. 7
14CCzFPICrjrnT 56.362 _

SeýIIr.'w A'A j: 5 3.46 (SQ iN'l

' COR'F'rI!IrNT 55.171
SIPFirr AkPA 13E5,22E. (ýOTN)

4 tiOPE FNC. c9

"1 Norrp'y NEI 79.93

14T flOtFVTCIr$T IOC.
.SUnVIC. ArA ASS.I31 (SO3N) Ii

NUDE: NO. 12

SU;PF-CE AP'A 1352.42,1 (SOTIN

- --.. -- NOD! NO. 12
H orFz~rcTrNT 4C.1329__ __-

SUFFrAC•t ArI-A ±J82.4',#. (SOINI

-- - NOPE ND. 14

"NT COLPFICT7PNT -349.3?
SlJ~rA~t WPA 1176. ! I SO ('IN)

NODE NO. Is-_--~I~i..~
"AT "o-FFCIFtrNT 39.856 __-=__

SUrtFC: AWA (74,83C (FaIN)

NOPE! NO. If
NT Cc-FFrrCx'NT 39.85 .-

SUqFAC7 AqfA 1E1,1.834 ('SOJIN)

NUDEo, NO. ji

NT rO'TFIr.IrNr .4. 5h _ ___

SU.FFICE APYA 1633.566 4SOPj

NOtE NO* 18
NT COCFFICICJT 40.435

S1ihFACc APEA 211b.q23 (SUTNI -

Y i 'IlRid1.7 CT M- I flffFj)(J~ O1ý NO('7V1- INIjJFPV5 A"A! 1 QJ%-



FUDL1UHP TLMP.ERfTuprs - ..

NOC NO. 23

Nf() N 0. 24
M- P F~ TH P rti 1i2 93. 7 ? O r,. R .--

Nont NO. 26
T~tIPzPlT',F 1203. 3 DEG. R.

NcOV ,Jo. ?7 _ _

TC'MP70TUcý_1287.53 DEC.

NOD-- .?1. 25

-TlMll-rTIJr;= 6: 1.37 O1VG. P.

-~~ . ~TEMPrLTlJc~F= 6"127 01G. R. -------

imp-OCE 
NO. 30 . . .. ..- .

TFMPPTIWF= 6'[ .93 DEG. R.

HODE PlO. 32 _

T,ýMx.P.Al~u= ~O.8DEG. R.

COyAVARIALE To D
(1A0 DOS Na

NOJE N. FORC rACTO (L 13

6 1725.74.b

10 -1.8
Ii -ibE3.36fl

12 -3260.343
_____13 -. 3f-279

1.4 if

TOTAL NET SUPFACE7 FORCý PjflTOR IC597.747- -

FIGURE B3 GN-1 OUITIPUT OF NOZZLE LITFERNIXL.ANALYhm '(1)-- -
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SYSTEH -INTERNAL -VIEW FACTORS -
r

F( 1, 113 .02777 F( 1, 1l= .92777

- -I I"(-,-2)= *05910 ---. . F( 2v 1) .0 2380...

Ff 1, 3)= .04071 F( 3, D)= .01672

F(-l-- 41=-- 03051 51-...... . F( 4, D= -. 10i 81
FL 1, 5)= *01694% F( 5, 1)= ,J 64

V-------&--. I2469-----FA- ----- 16397-
F( 1t 7)= .18935 F( 7, 1= .11293
r- ( 1, 8)=-- .04536 Ff- - -- F - )z, - 0): . 79
F( 1, 9)= .01197 F( 9, 1)= .00655
F( 1,103=. .0,3•3 . . . F(IO, 1) = .00231
F( 1,1.1)= 0.00000 W411, 1)De .OOCO'

F( 1,133: 0.00000 F(13, 13= 0.J0JJ.
F(. ,1i4) -O.bC.0.0------- F(14, I)= 0. 0 ,0 U a ---
F( 1,15) = 0.00000 F(G5, 1)= 0.00000

--- F( 1,16)9 OC.0000--- -- F.. (16, 1= u. O000-
F( 1,17)z 0.MOO0 F(17, i)= U.00000

I t)- .ýour - -F41-I,--a--43f041----- ---

F( 1,19)- .42373 F(in, 1)= .1T39?
_-F( 1,20):-n. 00fl ..... . F(20, 1)= 0.0000( . ....

F( 1,21) .0264.3 F(Q1, 1)= .0139.

F( 1,22.)= Q, •0 . ..0 .. . F(22, 1)= -0.0 000-
AREA( 1)= 2Z6.ig SQ. IN.

. . .. F(-29 2): .06488 ...-F .. 2) = . 4 - - .... ------..

Ft 2, 3)z .0521#0 F( 3, 2)= .05347
. .. . -- F( -2,'4)= -. 3 4 -. . ... F - 4, 13 = .,3512 . .... . . . . ..

F( 2, 5)= .02205 F( 5, 2)= .02078
.E-£ 2Z 1_• -.- •]•*2. .- -4 ,-2•.) =--- 3 1-)

F( 2, 7)= .27333 F( 7, ?I= .4 489

-.. ...... . ..- F( 2, 8): .123133 F( 8, 2)= *1187&6 -... .... .. ... ..
F( 2, q): .0.0?3 F( q, 2: .0= 41t5

' -- - - -FL( 2,1l0)= .007,#2 -F(iO, 21= .01 10 . .. . --. ..
F( 2,11): 0.OOU0 F(LU, 2)= 0.00000

- -F-.C-41•-Z,,.z-...; - 0,{U 00. F-.• 2 ,->-):•0,J--O •tl--

F( Z,3)3: U.00000 F(I, 2)=: 0.01000
-FL( 2,143: 0. OC0 G...--.- . F-(iL., 21= 0..-3007.. . . ..-

-- F( 2,15) = 0.C'000 F(15, 2)3 9. a0000
F( 2,16)= 0. . .003.0- .. F(L 6v, 21= 0. 030000 -. . -. - -. ...
F( 2,173: 0.00000 F(17, ,)= 0.00000

F( 2,10)3- .24924 F(i-, 2): .25445 -

FL 2,20)0= - O0 . ....0.0, -F(20, 2)=- 0.330) ---- _

F( 2,2i)z .03209 F(21, 23= .04190
___. ____ Ft 2t22).= O.00(10... . . F.122, -?)=--0.030 ;.----.

AREI.( 2)= 561.78 SQ. IN.

0 3 -. 0669r- F(-Iv- 33-- = f16695 -

.F( 39 f)= .060_3 . 3 : .Ft 4, 3)= 05 9

"F( 3, 6)= ,n2256 F( S, )= ,0110 n
Pg___ _ -k 71 1rJl

Fl 3, 3,= .2713g F( P 3): .4Uj8
-4--3,9):-- 11q5 - - F( q, 3)= - .19q3i--

F( 3,10)= .02219 F(IO, 3)z .032553
_ _ _o .000o . ... ..----- - F(11, 3): 0.00000
F( 3,•1)= 0.00TOf F(j?, 3)= O.u3O60

F( 3,14)= 0.00010 F(IJ, 3)= 0.03001
F - 3, 15) = 0 ,J 00 ...... -- =1, 3)0 0. 0
F( 3,16)= 0.00000 Fl1b, D.Df0000

F(L 3,t7): 3.00000 ---- F(L7. 1 0.00000- - -

F( 3,18)= 0.00000 F(1 t -A, 0. UU000
9 -- ,4 -- 24 r4 ( .-- 124141
Ft 3,20): ,.LE000 F(20, 3)= 0.00000

_-cF 3,21)=- .04.717--- .. F(21, 3)= .0603 5--
F( 3,22)3 3.6pDOOO F(22, 33= 0.00000

_AREA(-3)--- 550.56 So. IN . - --....

FIQUHE B3 (Mh-1. OUTPLU OF NOZZLE- llFTlNIAT. NNAYSIS~cont'd)



-.- SY;TCM INTERNAL. VIEWJ FACT0O'S --

Ft 4, 4) =. t83±5 F t 4, 4)- .0R315

F( 4, 6)~ VC)505 r ( 6, 4 )z *02093

Ft 4, &)= .15717 Ft St 4)= .71
~ ~4,-~-q.301-39 - - -F -4 -~6S

PC 4,100= .10063 F(iO, 4)= .17010
-- ~ .F 1 4,11)z 0. (10090 F( 11, 41=a 0 0 000D

F( 4, 12)ý 0. U0000 Ftl2, 4)= 0.0oj,70-
--.- Fl 4,113)z 0.00(100 -Ft P1 $ 4)z D.00005 -

F(4P14)ý D.00U00 F(14, 4)= n.J)fl2I

F( t+,15)= D.Duioou F(16, 4)= 0,00000
Pt 4917)2 n.00000 )0- F(Ill 4)= U. 00000---------
Ft 4,18)= 0.00000 FCiq, 4)z D.ODOD"

- ---- F( 4,19)= U62 - (lq, 41 = Or0981---
Ft 4,20)ý G.OCCOU Ft2fl, 4)= G.OrJOOO
F-t-4"- F- 0. L,,--2---- 44 4
F( 4,22)= 0.00000 F(22, 4)= 0.00000

______ ____ -- - -AREA( 4);; - 634.41. Sr). IMl. - - - -- ~~ - ~ ---

Ft s 5, = D'*)024 PC 59 51: O00a24

Ft 5, 7)z .00797 PC 7, 5)= .21.27

-F 1 5, a)= .6~3167 PC- tAs 51= ý. 5143---------
Pt 5, q)= . 176157 Pt q, 5)= .213490
F( 5,10)= .2zq64q -- P41, 5)= (47U (k

PC 5,151= 0.00000 F(159 5)= 0.11001
Fl- 5p 16) = 0.00000 Ft16, 5) 0*0030c- --

Ft r.,i7l= 1.00000 FCI?p , )1 U. 00000
FI IAf)-z U-. LO .4 4 11 -- IO~ ',_-______Q._DOOM'

Ft 5,1- .034)54 F(±l,' 51= J04174
Ft1 59 21j 0.91GoJuf - P420 , )= 0.n(1645--
F( 5,21)= .237?3 .(21, 51= .32q3t

-~ ---------------- F-( --5 w 2)= 0.00U0 - Ft(22, qla 0.00000 -- - ---

AREA( 5) 595.9q sQ. EIN. ~--___

V-4 6, 71= 01.000)00 fig 617 C).01000

F4 6, ?)= 0 .00(1)0 F( 9, 6)= a0.00000

- ~ ~ , ; -4--A1--.-1JD---- - It, fit-4)--0<liý 4f- ---- -.-- -

Ft 6,111= 0.00000 ýI-!l ,I - v .a10 00f
_______ ~ -- 4 60121= U.00000 F(.- P12, 61= 0.041 ------------------

(1FtF13=0.00000 PCI), 6)= 0.900000
____ PC fit ,141= o.ouuOO F(149. 6)= 0. 000ou- - -----------------

Vi r,: !1, 0.01)000 F(15, 6) = 0. 0000a
rt U--- i--1~-. 000 ato %A -----

Ft Ibp17): 0 .00 00 0 r(17, 6)= 00 00 0 n
________F( 6118)z 0.00000 F(13P2., 531-,.20 1 3--- 7 a a

Ft 6019)= .4Ifl1 Ft1lp 6)= .11345
-~ ~~~6 ---. = t6, 0.000DO - C?0, 61 = 0.90000------- -- - -

F t (21) = .OODQ4 F(21, 6) = .000133
- -- -- --- A-6221-F- -ft,-1-0 000040--

A'REAl 6)= 153.01 ý0. IN.

FRUTR 133 (iN- I OM~PIJL Of" NOZZLF, CNOiRNAI, ANAI.YSJS(cuiit 'L)
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-SYSTEM INTERNAL VIEW F%ýZR3IS - - _____

- ________ C- . Fe-7,. 71 -. 0Ga0 0.0 F -F 7,9 -7)1-.0 30 0 1---
F( 7, 8)= 0.00000 F( it 7)= 0.130003

F( 7,10)= 0.0U000 rc1i1, 71=~ 0.010030
FC 7, I II 0.000--------FI 1 7)~ 0. 030--.---__
Fl C It2)~ n.00031 F U2, 7)~ 0.0000

-- ~~ ~~ C ____ F 7, 13) 3.CUý,JO - F (11.3, 7) -0. 300300*----__
F( 7914)= U.C0090 F(14., 7)= 0.00000
IT4 Z- Iql - .0--o-----r-4 15 0-7) ý_-O.'1n10 0 -___

F( 7,16,)= 0.fl0000 F(i5, 7)= 0.00000
__ F( 7.17) m0.0000 ---- F (I 1, 7)= 0 . 0 000a ----

Fl 7,18) = 0 . 0U0 00 F I 1%, 7) z 0.0000ý

g (7, 201 0.00000 F (2 0, 7)sO0. 0000.3
F c.~--.0~ F-------

4
21,t--

7
3-_- . 0 03 46-

FlC 7, 22) = 9 .00 00 0 F (2? , 7)= 0. 00000
____ ~~~AREAI (-) 37.2SQ.- IAl.- ---- -

Fl 8, F52= -.O0000 F( 1, 8)ý -. n0000

F( B,1U)= U.no000 F(10, '5)= 0.0901)ý

F ( , il) = .0OGF i A) = 3-. 015 Ul-------
.-- F( 6,112=ý D.00000-- F(12, A)= 0.05000---

6, 5,E) = 0 .10000 FC12, t)~ 0. 00000

Fl 01,16)= 0.00000 F(16, %I)= 0.03000

-F ( AR,17)= 0.D00000 -F ( I, 81= .1.3303!
F( 8,18i)= 0.U00030 FlIt, i)= 0.0300n

- - - F( A,i191 = .03810 FVit, m)= .0?t~ir

F( 8.20)= U.000011 F(20, 5=0.00009

F( a,922) -. 00030 F(79, 8)= -.0000 - __

F 9 91 =j 0.00000 F(1± 992I= -.00000

Al_ r------------ %l 9 ai -Z a.00 04 - --- -- r- -V 0 2, q) - 0.00000--- - -
Ftq 1 0 .3 0 U 00f0 F~li, 9) = 0. 00000

- - F -9w 12) = 0.0000f. - --- V F( 12 , ý?) =0.00000 ---- __

F 9 02152= 0.00000 F~il, 9) = 0.UOOCO
F 94, 14) =--.-000n00(1,Q =0 0G

FI 43,17)= 0.00000 F(17, c)) 0. 00000~~ 9,1LAI= 0.0000 -J - F(jA, 9) =0.00000 -- *-------

F! 9, 19)2= .01000O F~ji, (;)= .00750

___________ F 920)-0.060 -F(V20, 9)---.-4g0--- --

Ft 9, 21)= .64 7q F(il, 93= .062t5

AREA( 9)= 1.12.77 SQ. IN.,

F li0, 111 0. 0 0 F (IiI ,10)- 0. 00000

F~i, OD 040*123,10) -0.00000
_________--.Gý .F±.4 lD.-------F(il.,10) = 0.00030

F(19,153= 0.0L.-i F(I1S,l0 0. 00 00 0
F____ I VIlJ ,1) = 0 .0D0a)0 F 19, 10) 0. 00000 -

F 10; 17)= 0.00000 FVII '=1 o.o0 03
______- 0 0 RF IA 1 P-0004-

F 4O10 19 .00464 F(9, iý ) = .00316
____F FU3 20) 1.0. 3iO------ F 20, 10) =0.000 a - -f

r (io, 212 .3101.7 F(21,10) = .27i00
F -.- -- V1O22) = .00000 F (22, 10) =0.009000

ARCA (10): 375.33 SQ. IN.

rFTCUZI: 113 CM-I UiJTIPt~fl O1 NOZZLE II'flERNAL Al,'.V.)STS(Cult 'd)



___SYSTFM INTERNAL vrFI4 FAMR0S* - - - ---.

-Fcliil)z~ -. 052?9 F(1i1,11) .35229

.~F(1,J.33 .0754~5 F(Ilil)= .03154 --.-

F~il,i6)= .09264. F(16.11)= .85?5S

F~iiiR) .0563F(1Mtii)= OL!173

_____________ .E11 0.0000UO0 L-F Lq~i4) _ *0XU

FCI2,?O)= .09110± F(20911)= .*0974

-~~~~~ tjjA"a -4-,1=---.or, n ---------- 4- ,12 1 ý---U. GL0000

F(±2,22): .05347 F(2?,I2)= .U71247

F . (12. 12)~ J31521 F(12,i2)= t31520
F (4-2,14) - .iiq -1--4 -ý Uii,13)z, .148-7-------
F(L214)=5 *0q15i F(iS,13)= .089771

--___F412,15)= .05683- F(15,12)= .2i7 635___

F (12, 16) 06EA1 5 360.71 1'2) = 314

If V.7536 - F I1 , 12) = 3506 31--.------

F(12,171= .02243 F(17,i12= .11523

F- (F12. 20) r. Vi08ll 4 F 20 , V!.) = .2305-
F (12, 21). =.0-0 .aoanF 21 , t2) = n.00 000

-F(4142,22) .05272 F(22,i4)= .207412 - . ..

-AIEA(1Idr 37::.95 SO.* IN.

___-~F.C315i)= .17219 F(- 13,135= iT?09.-----. -- -

.* ---.---.-- F(13, 15P= Dgl93;- F( ~715,1) .05177. -

--.---- 31,216- 016570 F(I2tI3)= 0.00300 - --

*FUi5,17) .128542 F(?2,15)= .2.1645

_____- - ~AREA(13)= -360.71 S11-lt-.. IN.~

-.- - I 4,1~-n)- -= - -. 1 ,4.~- -311.r,



. -. ,. . . -S~~~~~~~~. . . . . . ........" .v"..."." -.--....-.°.-_. ........

S¥ST_?1 INTERNAL VIFW FACTORS-

F(16,16)= 0.OnO00 F(16m16)= 0.00000
F(i6,171= 0.00000 n .... F(A?,i•= 0.00000
F(16,14)= a.Onana F(18,16)= 0.00000
F '(tr6lq)= o.6OOO0 -W F(Iljr.) ý 0."0001
F(i6,20)= .40501 F(23I,:)= J315D2----V-421-6.I-)---'J-.0- 4--F-(.2 t 1, i=-*G rJO-_________

F(16,22) .0Ii0 F(22t 16)= .uaozgS. .. . . .. . .. . AQU:A (16)= 75.4,0 SQ.- IN -

F(17,17)= 0.000O0 F(17,.7)= 0.00000
IE-C -71 ta 1 =-41 a 000Q4__ 1 . -4 ~-IAA7---G 0 1f-
F(17.719)= 0.00000 r(Iq, ljf)-- 0.0a000~~~ (1... .. F T 2U) = .07450U . . F(20,171= ,03683
F(17,21)= 0.0000C F(21,111= 000000.1

F (17,2?) = .04109 O F(22t17) - .02994 -
AREA(17)= i1s7.71 SO. I4.

F(18,181= 0.00000 -(18•, S)- 0.00000 ... .
F (18, 19): 0 O. 0 V 0 u F 19, in)= 0.O09ý1
F (I A,20)= .09 4,n F(20 ,1,) ,0009G --

PA18.21)= 3 . 10 nn0 0 (21, IA) 0.00000
_ -F(-IP.,22)-- 1-=tIV65 - -... F-( 2, -f10 56I. - 0.....

F . .(j 9jq)= 0.000g. --. F(19,IQ) = l. 09600-- ..
F(19,23)= 0.0,030O F(23,lq)- o.390ooa1

F(iW.•= OOuOuO F(229tq)z O.0O90O

-.. AO.EA( gi) 550.Z8 SQ. IN .... .. . . .

F(0Z,20=) 0.00000 r(?3,?G)v 0.0100o"

F (2 0v22)= .O3q gi F(?29?n)z .12016
AREA(20)= 339.29 SO. -TH. - . . .-.. . . . . ..

F(21,21)= 0.0000O r(21,pzl1- 0.00000
.S121 4 Z22i- .00nDn 0.. .... 1);•?2 , -~J0,. •0 C-. -___- __

AREA(21)- 430.?6 SO. 14.

-F(ZZ212-= 0.00000 - F422,221= O.0000 . . .
-ARLA!22) 265.24 -SQ. 1.

1:R(0WIR B3 U-.-ourpur OF NOZZLE INT'ILL ANALYSIS,(co . '1)



~.....card column 1

IDS] 01

I THIS IS THE FIRST ASOIR 11 SAMPLE INPUT SET
1

1 'C- tENERTO NOUZZLE I -

2
3 0204180401 *

4 0.0 18.0 2.0 1 7.0 -1.0 0191
4 2.0 18.0 7.0 17.7 -1.0 0201
A. 7.00 11. 7 12.0 17.1 -i.b 030L
4 12.0 17.1 18.0 IS .1 -1.0 0401
4 18.0 16.1 24.0 15.0 -1.0 0'Cfl1.
4 0.0 12.2 2.0 12.2 +1.0 96D2---------
4 2.0 12.2 1.0 II.q +1.0 0702
A 7.0 11.9 12.0 11.3 +1.0 015924
4 12.0 11.3 18.0 10. .3 41.P 00
4 18.0 10.3 24.U 9 .3315ý +1.0 1.002
4 0.0 12.0 2.0 1?.0 -1.0 1103
4 2.0 12.0 7.0 11.7 -1.0 1203- -

4 7.0 11.7 12.0 11.1 -1.0 1303
4 12.0 11.1 18.U 10.1 -1.0 14.03
4 18.0 10.1 24.0 9.18936 -1.0 1503
4 0.0 6.0 2.0 6.0 +1.0 16016
4 2.0 6.0 7.0 3.7 +1.0 1.704.
4 7.0 3.7 12.0 0.0 4.1.0 1804.

4 12.0 00.0 24.0 00.0 +1.0 3C3
50.00 12.2 0.00 15.0 -1.6 0600.0 19I
50.00 6.00 0.00 12.0 -1.b N C0. 0 20
_%24.0 9.38315 24.0U IS. 0 +I.n 0460. 0 21
524.0 00.0 24.0 9.15936 +1.0 0460.0 Z'2

6 24.0 - -I

7 0001
10 .02777 .05910 .04071 .03051 n0169 r2 12L460 .1A33c, r ~4r3f5
10 .01i97 .003-j3 C.33000 ý.300c0 0.1,0f7 ).)3 :.0DIJý J.)nloa
10 a .F,ýofla 0. 00 a 00 .42323 U.0ýC00 .U2643 0. 000V0

10 .* 106'8 U .5 21 .039flu .022US .087t6 .27331 .12513 Olv37'
10 .00791? 0.00000 0.00000 0.00000 0.00000 n.000no 9.00U06 O.JorJOC

11 561.F8278
10 .05695 .06033 .71143pt .02256 .167q6 .27013 .113446 .1221iA'10 0.U DECO a. 06000 ..o1OOC a.aao30 U. L 001 C .'JX1 [ 0 1 N)01 a .U000f
:0o .124164 0.00000 .04717 0.O3000
I1 55C.55884
10 .0 a 1I6 .35913 .O 506 .823938 .1 r7A3 .3913a .i06 Go .700,00uo

10 0 .000 U 0 .0U8632 02.001000

11 634.43746
10 .09024. .0010ID .90087 .03167 .1?6rsi 9F4 I '. 00ý D n. 3000
10 0.00000 0.0aCoo 0.120300 0.200"011~ 0 0.323jJ .335,4 4
10 .23773 0.00031D
11 5ýý- f.1154I
10 U . 3 U a0 1.00110 i.113Iq0 0.00000 0. 0000( a. floooO ij.00000 0. 00009
10 0.O0000 11. nue"11i a 0.U301" a n. nu ua 0 U. Uo001 .t4o'i a.010 L)oo U * C 9

11 153.3097?
10 -. 00000 0.00000 0.00000 O.Oooooo 0.00000 0.000. ,
10 .OC 0. 00000 0.00000 0.004000 1.0300 .133 j.30 r .;~ C
11 379.21.271
10 - .0uo .6 . 10300 0.00000 I.0O..cc ( 00 .01)n flOunn 0.07000 1.001000

* 10 a0. D00a0U 0.00000lo 0.0000 11 a38709 0.0700 U 013 1. 0. 00300
11 361.U Sq03
10 -.000 .00000an 0 nficon0 a 010000 C . ý0 9 11 13.000 3.0370a0 V.0L,10
10 a 0(1V00 0.:0a0000 .00 0130 GIU Uada .6 67.11 t1.8.]Onf

11 4.1.2.76651, 110 -. 00000 0.010 0.03000 0D0 .00000 fl.11007 0.0aft n00 0.00000 n.00000
10 0.00000 .00464 0.00000 .310Of7 0.00000
11 375.32565
10 .0a5?229 10795 .075415 .06.1r,4 .04061 .09,64 .91 44 .00563
10 0.00030 .42691 0.0.o000 .314347

FIfGIRF B4 GNh- I 1 R 81 GNA'1IIRI BN'J l N'.. BAT 11CK



10 #L3315 .11lood .09801 .05683 .06135 .157353 *0??34 0.00000
1o .26114 a. 00000 u 5Z72
11 372.91.8?3
1 .1720q .17I9 .09M .01667 .12854 .35685 .. Jo0. 13S89
1 0.,000 .0771L. - - .

1 360.7±o96
1 .241006 .16355 .40365 .05463 .05555 0.00000 .08?91 0.00000
10 .13429
11 '.05.12272

.10 .26047 .00073 0.935. .029o 0.100000 .05269 0.00330 .?95•6
11 367.705c7
10 0.00000 0.300000 0. 00000 a .00G0 .*4053I a.a30o .2001 .00121
11 75.39822
1 0.00000 0.00000 0.00000 u T.050 0.00000 .04109
11 i6l.71471.
10 E.00000 0. 00000 .00450 0.00000 .130n7f
11 72.3021±
1 0 O.000 0 .0000 0 .06405 0.n0009
11 550.2813?
1 0 .aULOO0 a. 00000 .09395
11 339.29201
10 0.00000 0.00000
11 430.2FAq75
10 O.O0000
1 .'65.28911

14 oIOSLID

15 0102030405
14 0,205

•: ] ob0lU80910

18 0305" " .15 1112I11 15

14 02400 0

isi 05
19[ 2400 01.0

19 2500 09.5
19 2600 15.0
19 2700 21.- -D... 2
20 0100 0.1 1.3
20 0200 0.1 1.3 ."- 16 02013± O.0 24.0
172•65.29 .. . . . . . . . . .
18 osoo
19 z2c0 1.0
19 2901 4.5
19 3001 9.S
19 3101 15.0
19 3201 21:.0n- -= 0. .. . . .. . ... ..
20 0301 0.001 1.3
20 01401 0.01t 1.3
1.1 00
432•?.636 1400.0 S3.38 1.33 A7.102
41$3.154 4o5.0 53.3 1.40 215.56

46 0 123Q2?9-03?5'ISj -17062 0 21*P.0 82.3 1261327 112 UZ?qlI in1411153,'162 S F218 10

j7 19302~I23
41 00

4 13

SFIGURI: 134 ("-1 IR S f.NAI IWII.I)XEA I)L(.j., 1 )
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U 0233 1.0
X 0333 *1. 0.
5c 0433 1. 0
5( 0533 1.0
5( 06f11 1. 0

5 0813 1.0
50 0914' 1.0 -

50 l105 1.0 -

50 1631' 1.0 -

50 1734. 1.0
50 1831' 16 10 ..-.

51 02
52 313 Soo~ ;a
52 34 720.0
5 4 .4 .4 .4 .4 . s.
5 3f.a .6 .8 .8 .6 .4 .8 .8
53.8 .8L. 1.0 1.01. 1.0 - - -

Ss50.0 5.0 10.u 20.0 45.0 60.0 75.0 90.0
561 0100 5.5

IUS2ji -~L T) JS 1) 1.',LPU N AJs3

IDS5j 1'DL'JJIP i

D21 ZCASE S
2 CASE I

2 i0ASE i
2 ;CASE 6

2IASE Z

2 LOASEr ISPAT=1,6
2 SCASE TERM=.r~uE. S .-

I1(MIRE: Hil (N I IR I(N~Vl'IE DATII)FA L)IJK (tcrit'l

.... .... .. . . .
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'j.3 4hO 3'A 39.6 17 5.9 Lto .35
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S. ... . ... ... . P LU M ' A NA L YS I S . .....

' ENGINE DEF1NITION

AXIAL RADIAL (FEET)

-2.,0011 1.0000
0,0006 .7658

" CASE DEFINITION
WAVELENGTH 3.7500 4.8500 MICRONS
ASP ANý.LE 0. OUO DEGREES

" PLUME DATA IS CALCULATEU.
"* FLIGHT CONDITIONS "

ALTITUDE IS -•:,--;EET.
WEATHER IS 10AO MEL STO 210 STANDA.RO OAY

WITH .UU0330 WATER C3NTZNT.
VISI3LE CONT"AIL IS NOT EXPECTED . . . .-

CASE MACH tJU91BF IS .50 AT AMPIENT
PRESSUR! OF 12.23 P5IA. . ..
TEMPErATUrE OF 5It. DEGR.
VELnCITY OF 599. FT/SEO.

ENMINE IS RUNNING WITH A FUEL LQJIVALENCE RATIO (rfQl) OF .285

' FLOW FIELD INPUT

RADIJS VFLOCITY TE9PERATURE XG02 XH23
(FEET) (FU/SEC) (DEG R)

0.0000 1651.06 i4..jC .)3784? .142,lt
.01766 1651.0 14co.00 .u3764? .342.11
.1532 1551.06 140G.J9 .037894 .14261t
.2297 .1551.-6 140:. Jo 13784? .3 

4
21l

.3063 1551.05 140u.u. .337842 -. 1421•

.3829 1551.06 140i.0.' .03794 . u42jli Core Nozzle

.4595 1651.)6 14J3.0'. .,31842 .042lt1

.5360 1551.36 1'*0.u- .037842 .042,.1

.6126 1S51.06 14U0.30 .03, ý42 .0423J1
.6592 1551.28 14j0.^- .437842 ,fl2a11
.7558. 1551.06 14_ 0 .UL .L3 842. . 42j11 ............
.8424 1388.01 6u7.19 .IC 0 3

3u .00.330
.9189 il68.1 6-7.19 .L00333 .3J3333
.9955 1388.01 5u7.19 .00.330 .00u332
.0721 1a8m.a.0 BuT.19 .000

3
3j .33330 Secondary Nozzle

1.1487 1188.31 5 7.19 .03133 .j.0333
1.2252 1j88.01 __ 60.71 .u333; .3 U 033U__

" AMBIENT CONDITIONS

1.3018 598.97 500.84 .000330 .000330

' INPUT PARAMETERS

PLUME AMBIENT

PRESSURE, P .839 .832 ATMOS. R8 - RPN
SPECIFIC HEAT, CD .295 TOI/LD-F
GAS CONSTANTt k 53.472 FT/F XC - Plume core length
SP. MT. RATIO 1 . 3•0 ..
MACH NUM3ER 1.030. REND - Radius at the end
SECONDARY PRESS.z .656 ATMOS. .__|of the piume.

AL - Effective plume
R8=- .766 XC= 56.72 REN)' 28.408 AL= 225.16? length. --

FIRM]3` B6 IN-] OI1I'PIJF I lEADFR
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-- - .-. _ .- ;- yTP ýP -. - - . . . . . -

ICA-SE

0~0S.5f4 00, 0.0, 0.0, 0.0,

ALTPLN = *SE+04, -

AMZ .3?5E+O1p

O'9S =.16E4-02v ------

EAREA =u.Q, 0...,3, 0.C, a.), 0.~, u-, j.], 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

ETENP = 0.1, 0.i, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

IFILYER0 = Up- .

IRADOIC Op0

ISPAT 0,

I TAU -i

4 hTYPE

KOATA =14,

NA S .

NANGSEG =3,

NAT$D0 = 2,

NEXIf s,------

NEXT =0,j.

NFLW _-.-- - - - - - - - - . .

NP

NRANG' --- - -- - .---- - - - . . . . . .

NUIND - .5E+02,

RANGE =.1E+05# *iE+05o .5E+05, 0.0, 0.0, . PN = .918936E+01 - -

RAYPNT 0- 0, .RTC = 12E+02ol-

6TOACK =U.0, A1 = 24E+02,

TOOR S .,RS = i15E*029

__ __ XP4- F-.1 -

NUFRST - v =0 v-g .,

t.F-MURE 1B7 GN-i OHUTPU LISTING OiF NMWELiST INPUT



:zPN .. . ,T&578E_+00p

RSN , i25E+01s

KDATA -" = 1j4. .

iANE ..-- 01,.

EQR 2.5E+00 0

XCO2 .33E-U3, ,33E-"C3, ." E-03 ,33E-03-.33E-03, .33E-"?3, .33E-03, ,.33E-03,
3., 3E-.3 .'7.=--U3, .,3aE.--06 . 33-fl3v . 33-=,-0303, .3 --. 3 ... .3.E-O3,-
.33E-03, .33E-03, .33E-U3, .33E-U3, .33'E-03, .33E-03, .33E-03, .33E-037
.33E-03, .33t-03, .33E-33, .33E-U3, .33E-03, .33E-03, .33=-03, .33E-J31
.33E-03, .33=-03, .33E-03, .33E-03, .33E-.j3, .33E-33, .33--ý3, .33E-U3,
.33E-03, .33F.-03, .33E-03, .33E-13, .33E-3J3, .33E-3, .33E-j3, . .33E-63,
.33E-03, .33E-,3, .33E-.3, .33E-., .33'--33, .33CE-.3, .33r-03, .33r--,39
.33E-,3, .33E- 3p .33E-03, .33E-'3, 33E-33, 33-u3, .31:-03 . ... .33E-03,_
.33E-03, .35E-03, .33E-03, ,33E-u3, .332-03 , 33E-03, .33E-03, .33E-03,
,33E-03,

XH2O .33E-t39 .33E-03, .33E-'3, .33E-33, .33T-33, .33E-03, .337-03, .33E-03,
.33E-03, .33E-03, .33E-03, .33E-03, .33,--3, .33E-33, .337-03, .33E-ý,3,.33E-03? .33E-03, .33--031 .33E-03, .33E-03, .33T-03, .337-33, .31E-U3,

.33E-03, .33E-03, .33E-03, .33E-03, .33E-13, .33E'-3, .331-43, .33E-03,
33E-03, . 33E-03, .33E--3, .33E-03, .33E-j3 .33E- . , .33j-3, .33E-U3,

.33--03, .33E-A3, .33E-u3, .33E-.3, .33F-03, .33E--- 3, .33--23, .33-03,.
-'73 -, I I .. F7-t, I . .A3F.-ýS. . 33F--03, .33:E-J3, .33E-•'-3, .3 3E-03, .33-r-03,

.33E-03, .33E-C3, .33E-u3, .33E-A3, .33E-U3, .33E-03, .33E-03, .33E-03,
.33E-,,3, .33E-03, .33E-03,_ .33E-03, .33E-03,.33,-03, .332-03, .33r--r3,

.33E-03, i

XCO2A = .33E-03. -.

XH2C-A 33E-031

@ -8 -- - ;.- - ,--0 -.' - -u, L-j- 0. -0, 5. 5 ... - C .- --.- : r O -D - 0,;"-. o-0- 9- o-.- -- _ 0.o- 0 •-o -.-- 0•
.. .O .0 u.0, 0.0, Go.3 O O.), 0.0, 0.0, 0.0, U.0, 0.0, u.0, 0.0, 0.0, 0.0,

0.5, G.0, u.O, 0.0, G.lu 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, O.0, 0.0, 0.0, 0.0, 0.0,
0. 0, 0 .0, 0., , 00,0 0.0, 0.0,r 0.0, .0, a.0, 0. 0, .0 U. 0 I, 3.0, 0.0, 0.0,

U.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, u.U0 0.0, D.0, C.0, 0.0, j.E, 3-., 0.3, 0.0,

• --- -IF - , a-. o _0 -, 3-o . -,j•-•,. -C 'e -., 0-.-J -. .o-. , 0 .T;, •.• ---y0 V, 1-;.3 r 9S.. .. .0, 0.0, 3.*, C.0, 0, 3 . C.O, 3.0, 2.a, 3),J .J, C.la %,•, 3.0, 0.O 0.01
boo, bou 0U.. Glou 0.0 ., 0 .o, 0.c . 0.0, 0., 0.0, 0.0, O.0, 3.0, 0.0, 0.0,

, a a. 0.o, I.~, , I, 6, C.01 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 3.u, 0.3, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.U, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, u.0,

P6 = 00,O

PQ = 0.,O

UA -.. . . = .iE - 0, - -.. . . .. .. . . . . . .. . ... . . .

"2"- .5I9E+03, - __________

SEND
- -". -. - --.... ... -. .o -" . .- -

FIGLRE B7 GN-1 OrUl'PUT LISTING OF NAMIELIST INPtJT'(cont'd)
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NETEC 0

NORM1 of

JEt

TSFCC .9#0

RREC =.98E-ý-iO,

FN .6566E+04,

FNRr .6566E+049

EPR =.22F'3&iZ+u2,- *

FPR =.23154E+02t .-- ---

TTSMI .65= c

WAPAC =.871J2E..ý29

WASAC - 215 58E#+3 -- -3

;END . --

FIGURE B7 GN-1 OI~fPUY LISTING OF NAM"LiIST INPUT(cont 'd)
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*1''TCTAL SI GNATURE OVER THE SPECTRýAL BAN) 3.75 TOl 4. 5 MTCR )NS AT A RANGE OF 3.048 KM
FOR AN ASPECT ANGLE DF 0.0 DEGREES IN A N;R. ArH)SOl1ERE''*

_!VEHICLE ALTITUDE = 1.--52_KN AND CqSERVER ALTrTOn _=_ 1.52 RN _

.UME POINT-SOURCE SIGNATURE
EFFECTIVE OLAC< PC)Y AREA -A38O J616f.190 243S1

__ EFFECTIVE '3D TEMPERATURE T;78 z 743.U513)T5
y
1

-EFFECTIVE BAC(SROUID0 TEMP.-TRAACK= J.531 )ECK
___ APPARE;JT RADIASýCE = 54.6715 WATTS/;TERADIAN4

ATTENUATED METALS = 84.Z'OT NATTSISTER&)IA'J
__ METALS 150.9029 W4TTS/STERA)A'J

PLUME GAS SPECIES .428D WfATTS/STERACIA4
GAC(GROUND 0.0000 WATTS/STER4IIAN

**''TOTAL SIGNATURE OVER; THE SPECTRAL DJAN) 3.75 T) 4.55 MIERD'JS AT A RANGE OF 3.046 KM
FO0_ All ASPECT 4A3JLE OF 0.0 UEGRýEES IN A '40R. ATMDS'3HERE''P

'iVEHICLE ALTITUDE 1.52 M AND REVRATTE 009K

.UME POINT-SOURCE SIGNATURE
- EFFECTIVE BiLACK BODY AREA -A94 1629.1900 iM50

EFFECTIVE 131. TEMPERATURE - B =O 743.0513 2(
-~ __ EFFECTIVE BACKGROUND TEMP.-T9GAK: u.gj DSK-

APPARENT RýADIANEE= 7 9.913 ? N5<TS/SfERA)TAI
-ATTENUATED METALS = 79.5751 014TTSf 3tE RNt4I1,

;ICIýLS - ±uG j.9jz9 . 7D- 3 if JI 7\44 3 I

PLUJME GAS SPECIES .3371 WATTSfSU-RA)IA4
BACKGROUND 0.0000 WA TTS/ ST E RA)I 46

4
0''TOTAL EIGNATL'RE OVER THE SPEflTRAL B3AN) 3.75 T) 4.55 'IIER)NS AT A RZANGE Dr 15.Z40 KM

FORt AN ASPECT ANGLE OF 0.0 DEGREES IN A lNOR. A[M)3DHERE~-w

*VEHICLE ALTITUDE 1.52 KM AIJD OBSERVER ALTITUDE- .3) K4

.UHE POINT-SOURCE SIGNJATURE
EFFECTIVE BLACK POSY AREA - ADD= 16? 3.1, 3) ' M;2
EFFECTIVE 8B TEM4

0
EIATURE - 9 =R 743.,.511 )ESK

EFFE-CTIVE RAEKS3DUNU TEMP.-TFIACK=- _1. 1OO GK:
r-APPARENT RAOI NNCE 56.5551 WATTS/STCRA)I~'4

ATTENUATED MEiALS = 56.5241 NATTS/STERADIA4
METALS = 160.9029 W A 

T 
T'SIS T RAOr)AN4

*PLUME GAS SPECIES .03U5 NATTS'3ITRý3IANJ
-~ -BAC<G;ROUNu -_0.0;u30 WATTS(S(ERA)IA'4 -

FIGURE B310 GN-i IR SIGNAUTRE OUNUPV (SAMPLE)
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* GN-l is a single engine (Figure 1) isolated in space
with no external surface radiance, ie. enginc-internal-
hot-parts-with-plume only.

GN-l Altitude: 5000 FT (1.524 KM)
Speed: 599 FT/SEC (0.5 Mach)

IR Band: 3.75 to 4.85 juM i
Kev Observer
S m. Altitude-FT Sla.it Range-FT

0 5000 10000
0 10000

0 50000

-~ ASPECT ANGLE FROM TAIL (DEG)
90 80 70 60 /50

20

o io 20 30 40 50 60 70 80 90 100
APPARENT RADlANCE (WATTS/STERADIAN)

FIGURE B13 GN-1 IR SIGNATURE POLAR
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APPENDIX C

GENERIC NOZZLE II (GN-2) Dt-D1NSIRATION

A second typical single turbofan engine case has been developed for
the purpose of demonstrating the operation of ASDIR-Il for a practical
configuration. Various alternative 1/0 modes are also demonstrated. This
second demonstration involves not only the engine internal hot parts and
exhaust gas plume emission, but also the IR emission from external surfaces
of the entire aircraft. An IR missile from one mile will have a field of
view diameter gre.,1er than 160 feet which is sufficiently large to en-
compass even a large aircraft. The demonstrator aircraft is shown in
Figure Cl with temperature and emissivity data given in Table Cl. The
separated flow, axisynolctric engine exhaust nozzle (UN-2) has an external
plug as shown in Figure C2. The view factors for GN-2 were obtained as
demonstrated for GN-I, and this demonstration begins with the SIGSUB

lob summary of which were already established in a "previous run."

A zero elevation analysis of GN-2 will include, in addition to
external radiating surfaces, the [R signature resolved in two IR bhands
(2.5 to 3. and 4.5 to 52., from two ranges (6076 feet and 12152 feet), and
each range from two observer altitudes. In addition to these points of
primary interest, the zero range rcferncice point source will bc included
JS wiii SOUIC aspect angie (U, -1, .U, ou, ýuj coverage. Note that the
IMIECK control will be exercised in this demonstratihn. Also note that
this entire analysis was perforned with a single Input Data Deck in a
single computer run.

The Input Data Deck is shown in Figure C3 for the IR signature in
which the SIGSUB engine representation has been determined in a preliminary
run (not shonto). The external radiating surfaces for zero elevation are
included in IDS-2 (EAPiJA, MlELN', NEXT)C. Note that the target aircraft
is characterized by a single set of values for altitude, Mach number, eng-ine
operation, and plume. The aspect angles can be verified in S1132 of Figure
C3, and the ranges and observer altitudes can be verified ia Figure C5.
Observe the use of ICItECK, in Figure C3, to control the recycling of the
progranimed sequence. Also note the repeat use of IDS2 in Figures B4 and C3.
In Figure C3, the EARiA's correspond to aspect angles shown in SIB2.

The signature output begins as shown in Figure C4. Figure C5 is an imp-
roved output fornat which requires less paper than the old format of Figure
B1O. Finally, the IR signatures are plotted in two hands, three ranges,
and two observer altitudes in Figure C6. In passing, it is to be
acknowledged that provisions are not included in ASlIR-II for automatic
"plotting of the IR signature polar which makes hand plotting of the
output a necessary part of data reporting.
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A1liPiNI X 1:: f aJRES

FTIGURIE NO. CAITIOIN

CI GN-2 IN A SINGLE ENGINE GlNEql-RIC. AIRCRAFT

C-7 GN-2 NO7Th1i DTAGRAM

C3 GN -2 iR SIGNATURE INPUTl DATFA DECK

C4 (N-2 IR SIGNTURE' OUTPUT HEADUR

Cs CV- 2 IR SIGNATURE. OUTPUT
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TABLE Cl EXTi'EINAL E',I lISION DATA

COMPONENT NO. EMISS, TEMP. AREA*0 K CM 2

i E(i) ETEMP(i) ATOP(i) ASIDE(i) AEND(i)

BASIC A/C 1 .60 278. 827767. 283818. 122632.
AVIO COOLER 2 .80 306. 26942. 13472. 1433.
ENGINE BAY 3 .85 333. 44745. 44745. 17953.
ENG SHROUD 4* .90 361. 10363. 10363. 3932.

NOTES:
* ASDIR2 acceptb aspect angles measured from the tail, The

aspect angle i!; the resultant of the azimuth (p) and the
elevation (a) as measured from the nose. Azimuth is positive
toward the starboard wing and the elevation is positive up.
The aspect is determined as dpscribed in Appendix A.
The external radiating areas are prepared for input by the

following;

SEAREA(i)= E ( i)) (ATOP (i)* SIN 0( [+ASII)E (1)*]SINP*COSQ( [+

AEND(i)*]COSP*COS Co [

where ] denotes absolute values and azimuth always occurs

Sfirst, then elevatlou •crur in the azimuthal plane.
** NEXT is given the largest va,_uc en, 'r NO. i.

r4

-C4 -

. . . . . . . ...... i' .. a. . . . . . . . . . . .---



IQI

.14 M

* 
-4"c

C-4

I.lI

pnL

*KI .. av Hq, o ,,.~



(3

IDS 1 ?
SIB 1

2 _ ..i. .. ... 3. .. ..
2 18a5.78 72(4 .40 1ii.00

2 1)' 31, 7t '..*2 _3 " 2 ..
2 12-67*_ F- 6 r7.7 F,;!
2 5i+. 49 61*Q.7 4 7_ ___,__ __"

IDS 2 ? SAS' ALTO' T (1)=ý, = ALT 'L r•Iid1)A., 11-2.5 ,1r'= .,, -

TE A TE. A(1 =70. , j- V.,3 `6 . , 35-33 9
RA ý! ; ý 1)=I 11176 . ,! 132. C•i'7r,. 1 5i ",

N"=2,XD: L! 9'1-- __ _ 7

iDS 5 DUPLiM[N
IDS 5 lPow,., w)-4i=- ,JT=•.9-LTM-z .:, T ee. n-,,-

Efl•=2?. 6V6 •-' P=?'•3 * li'4TT'•'j=II*0h1, ,TT -J *=•I• •,'i4A= CR j , j• ?,

IDS 2 '-C a S IF_

2 Aiis r
~AE'A• C•t) !.•2 • ___.,,?2163. ,7726. ,
; A 9 F .A . z... . . . . . . . . . ..... . ... ..... 3 2 _ ? ., 7 7 .. . . . . . . . . . . . . . .

q'" I:IEAMEA (l) =1142532. •9q' 7. ,105r,7, 99147. , ,

2 SCASF 3

_ E:•RE AI-I1 =17_f0"9 1 ,_ 111) 7 , 33•31U3. , . . . . .

2 --- lA • f h Pi LE I K =1[ A• .. r -, ,_r.---

2 TGASE

FEAREA (1) =1020i 39. v L,3 2i 3!, , 2. , 1 -6- ... .

2_S F -__-
r Ar. E A 1 11= 8 6 1. , C,3 1")22 . ,?T a -7 7

2 SCASE

__EAEA Cl) -13124 , • 9 2 'A , 9 7. 67, ,, tt,15, .. .. J8 -

22 • •_A ____ -______________

E A r A (1) 17.ý 2 91 ., ,I J7 7 8. . ... q 2

2 CASE TFQM-.TIJ.,

FIGURE C3 GN-2 JR SIGNATURE INPUT DATA DECK

-C6-



COPY AVAILABLE TO DUG DOES NOT
PERMIT FULY LEGIBLE PRODUCTION

- -- r~LIJ½ , ~Ys13

E NGIN7 7FNT0

AyI AL 1ýA')! AL

-2 .* 11 U iIII --- ---
(

SPLUG DEF1INITION

SCA,;E nFII h

WRVKLE-Kir;Tl 2. 0 k'1EO!ý

SPLUMIE OATA IS rýALOLIL ITFJ).

ALTTTUOE) Iq 5fli1. F-FT.
WiEAI'±iE9 1S IT'Af 'ITI iý Tf ST krý,9

WITH fl I] 1111 WATr C-) ITTIT.

__
1 19IN-P ';ONTL-'ILL-7 1 10n Xn\---Tf

CASF NAC'i N 011 r--- IS t5' AT ý%q cM
________ PP.ESSUR:- SF r - I2. .?i - 1l 3I .

TEMPE-MTURF r)F '3 i,? *

Vr-LOCITY or~ 791q FT/ýre'

IENGINE- IS -?WINING WITH AFLIFL JI')ýfT TTI (-')) 3c V*

FIGURE C4 GN-2 IR SIGNATURE OUTPUT LAiJER



._ jI•j FIELn I tI0jT

PAITUJS /!:L nCT TY T•r'4 •_ Uir XO2 (4i - -

(FEET) (FT/(F(2 ff', )-')

.0,,_ i()1 J )141iJ, i1 fl f) 17_ 9 R __ _ 0 __ "I 1

." 1 I 1.'F6 tt It! l I). 1 tt 7 q U 1+pL 111
6 7)q2 A.5 91.n 14 U 0] lt0 ,1 7' 1149 .... 2lJ+ 1 t- .

6 0.73 ,1 t ln . il u I ,Li31f1 17 ......... IfUk-Udlt I

,Wi•, .77.'11q "L65L j't•FIU _______ ___7, + _ .I)J14 2'Ii.t
8 -1 q 1 .' 1) 14 " r0 . 7- R 1)? 4I)14¾11t

8 .1489 1651-6 1 t, (1 *111 74 i331 fl 4 13 11

,89 1 * C -, L" I i.i n, n q d 0 773' ? 1r ;, 0 1N

9 PR 4 ;U1 r 8I r, t D ll39 . 7 -83 It 4 UT42jt I

2GrI IOSP~T s 1.4 1111 111 T/t( 4'a

I c i-,_i 6 1'{,A. ,- 1 7T 11 fl (1 "1 7 ) 7 l I)-"

S.. ..EO"DtR " j%, z . .L' •.~ 7, q Lul+M •lS.l•l

4HBIENT Gq,4ITTrONE 1 "

++ INPUl VAýRAW T'-_n

COPYAVAIABLETO DC DOS NO

GAS CONSTFUTL R W E4 PDTUCTIO

---. S ECOND , fRY "? '-Z S ,- 5 . • 6 F 4 .1'3_q

Onfi = , 'n'! =-. -',II- 11.'15 -

FIGURE C4 GN-2 IR SIGNATURE OUTPUT IIHADLR (cont'd)

GOPY AVAILABLE TO DOC DOES NOT
i F,,RIT FULLY LEGIBLE PRODUCTION C

A LAI



Gopy YLN E TO DU DOES NOT
Al~~ 

&V~l 11 LEGIBLE PRODUCTION

PnlINT SOIJR'ýEF T~ I 1TF ''7T TV

SPECTRAL "nAW2 - ?.r-,- T07rj A*f ~Tr'R ) j~

ASPECT ANGLF - r n r rlf, rF T Id A Jl.

FEFrT'JVý 3LACKZfU' "90Y~

EFFFrTIVE R'1P ~ Y' TU ' - T QI 73)P.531 on

-SLT Rtim, (<K1/VJM) (I, fl. f, / j* i . ?..j h

OR ALT (KH/KFT) 2.1 5. . . .1 . )/ P. . .

___1, ____ ________9__ _.__. 4

ATT MET ('4/S3T') 46 7 3 8q 2, 9 Cc') 15~ 8'?'.4?F I -1 -17 14 ý

'PLM GAS (WISTP,) ,737 - .1 ` n *l3~ 1 - .r? p

EXT CI~l3 (14/0STR It 14 It3t 11 (i

cS E , AL R1AHf - 2.c AQ I* r: Y 0 lis

-VEcH Ifr 1 -A.L T TT'V9c - L< 1?IQ4 n ~ ~ :' VT _

ASPTCT AN",~ - IA.. 1)G~' 4N jr7 t~)I

FFr--rTIVE "I ý( 'Y1)1Y A?'.1A - A R'l I f- jt*7~ ý '1~ - _"7

IEFFITGTIV'ý 311 T':-'ArRATUn17 - 7R it 8?~ '. 1 ) rvrK
EFFBL:TTVE R1ACKr(.R01JN\'-0 T-1 TRIAC< fl rl 111 n1ir) 0v. _

SLT RNG (K&1/'J'f f, I.~ f 1 i, 2. , ~ j ~ f )

093 ALT (K4i/K;:T) 2./ 50 2, 1 i. 2./ 3, fl./ U. 0.

--- T L (WfS"TI))------ .UI 6iD 1.rif I n51 5'

ATT !AtcT (W/STY.) 4.4. 7565 11. F9IC~r IL . P4 I'. ~ *~7

EXT ~'71S(WfIS T? A 1~2 .n ri2 5 *7 75 q

A-P R- ~AC 0 (1f1;T') 4-f-). 9 3 44L 1. f'& *1 1 11 i. 5? q _ . 5 1~ 7

FIGURE C5 GN-2 IR SIGNATURE OUTPUT



ASPECT All';L L - i 7 'J i. T V

EFFTCTI'r-M 3"-v T'11"Y A7", *'

q '1 LT (Ki/K T) 2.1 53. -'. ..21 . ¾ *

ME TAL'_- NS T j VY.. 
7 T 7 ý 7 ,. ii177c 1 6. (177-, H~ U7 7 3.E~ fl

PLH GA ('4IS.T 17i -] 7 ~ 1T3 - .i? h1 I
EXT ELIS (H/fSTR) 2 127 j -I -jIt 13 *~

POINT ICLi' T ' TJIn 1 T Y

;V [IiT lrý LT TI I I -) K,, T', .( 'I,~ k< T

1- rL FLT 71!" 1'1 111 L (0 Y
ASF r fT I V7L T -'1 Ri;. T~ 3'1 9 -7 7n". 11 11 iA27

L- FLiC.v F A r''LD2JzlV .- iVE___

00l ALT (V1/KI:T) . * '/ 3, ) ,

ATT M -T (W/¶z T') 1c, 517 E, FA I,

PIL I' rl,A W (L/ S 'r ) h~ 'ý C) *11 ' Z
L YT F M (W/q T' F0 9~ ~ * f ER I 31 1 21
APP -RAD 1;/S f 2'. -7T . LJL .t']

"UPY AVAILABLE TO DODG DOES NOT
PERMIT FULLY LEGIBLE PRODUCTION

FIGURE C5 GN-2 IR SIGNATURE OUTPUT (caut 'd)

-CO



SPOINT S0UmCE 13 INTrNSITTY##

S-PFCT,ý4L 'IAMP - 2. 50 1(1 3.5 lic-0o4s
VEHIVLF P-T TT!JIC" - I *?KM 11 0 _ <F T
ASPCCrT '\IGLF I ,i i " nc 's 1 ..in * T'1 ::35A Cý f7

FFF'IFCTTVK' r-jj~< ~fI)Y A -WA - v3-qh*f' ')-
EFFCT I VE 9fn T >--W" QAýT - I W+' =549.'-7 il n r<

UFIFFCTTVC flAflKrnl
0

OliNA TS'7n - T-AC< = . n, (111 lI 1 11 :-

QCK5'PNn ( W/ST R ) 1111. 1 0. lii fill (1i I11j. IJ00 0. . I-
-M ET A-LS J(W14 ~S T :h 3*P'r,3 " r, -,3 7.

AlI T MEfT (W,/STRý) 3. 1IýiIJ 92% * 7?72...................
PL m G AS (NV1/S T) m? qfi *j

EXT C'Mq (4/'ýTS *5[AI .1% 1174 .4T Pir 5

FIGURE C5 GN-2 IR SIGNATURE OUTPUIT 0. .'nt'd)



t N I i 4f " [ A

P' [ INT SOER0 -I '. " I q Frýt T¥ T Y

- r'5FI'l P L PA?' I - 14. Tr) u * i 'I T• , A

VLHI 1L E LTITUQ - - 1 l 'K ' I: :

ASP-eT hNJL" - ),r'-,4- T- IN I Nl J'i. A" "' 1- -,

7FFrr'CTTV- AL lf'< ,rny I' t' ~ >" t-

rFrF-r , TTV'7 q'I T'-'4 - ',II Ui - ', III
F•. FF "•r T IV'-_. 'Ar_., _• J • Lý 1 T 7 'In I I I ii, -j ... .. 11±,'_ n "-1 " . . . . . ..

;ýT ° ( 4/q l ;. / ., +, , , , : '4'

Of! ALT CK /4 tT) 2./ r. 2.1 '. ',/ S. , ]. I%/

I3CKGN' (WSq ~ '~ )*'i i

METALe, (W/5T-,) 1,q. 4 ?,q 11 q. . 7v'J q. "' t I •+2 7" ill* '4 4;

ATT MFT (W/ qT ) T'r'.7P 7c 7b*3R? 4L.ci 'i, ; 1.t17 r;1.
'LI GAS (W/STR) 2.. 2 .RI. 4* U

EXT E"'. ('/'T ,) '-1. ' S, T.., Il ".77 It. I IF
APP PAL) ('/STz) i.2.5' r, "7. 9 1 h . "Y, ''IfI a ):j %.'1 1

il" P) 1NT 5.0t)Rr' "F I• T 'ITP'S TF' rY

S-PF CT'RAL rlM' I - 1. T • - 7 1) ' 1

VýHICL r ALT L rII-tF_ - I.5 C ' 1, '- r- T

A~r•CT AMVILL - 11 , ' , '- r ' t" "0-'* '. "7-q'+ ,'-g--

L:F r'TT TV- PI.1C t C t A tK 10 Y A A '' it - 4171
1 FFLCTIVr" "11 T 17'•4 . Ti.'A - •J '" rd:N' , e
EFFY C I T Vr 7'.Q r) Ul T- ' TI Ar,' 11t1'1 ".

SLT ;Nr CK'¶/'1') lI,/ IN ' / . ' / .G. / " / ,

On ALT (KIA/KTT)i ?./ ". / . 2., 5. ?./ U5 / I.

r3I.-(.iJI III (N/rT ? 11* • I, I r .v Itt,.I' , • l. U, . . -1,

PLM G S (W/WSTR) ?.',1'7f 'A'-C) .h" 7

. X I F[' (14/1 t-f ) T.', ) )* ) -,, i,,. .,-

Ann PA') (W/ST'ý) q5', +I t . ;'.i:1 ', , i7t tf if f,'. t,, . rh

FIGURE C5 CG -2 1}, r(G(;N:A t I'jl1K: Wtl' ; .1, c1 I)

COPY AVAILABLE TO DOC DOES NOT
PERMIT FULLY LEGIBLE PRODUCTION

-C 2

1 .......... ..... .l; , + , m " ... . .i -l'p • j ..... • -1' f-. l '' '' ' '•



POINT

IEI-IERMIT nPl~ Tn' = NOT.

OP AIL' LTI('/ !TUY 2- 1.i F'I' 2. 5. rlU 1 ~ -1

AT iFFTIVC/ F T~ 5Q.' -4,3 q F 0. 7 '3 5 7 ,7<?R 81

F'WITV-_S __/ST- -4.'NLTA12 -5B T"i.uj? - 1+C ii4 B5- 0

_41P ALT (1(4 /AT) .1 3 2/ . 21 i. a3 U. 71i.,

Sf"KTVN' qAN'-T) - 4. 5. [1 TOf c3 11 (1lff 11 T fluý? U.O

M-VHI(Lr (WL'STJD)_ - I . 5 Z K'4 n I??! 5i nu ZY Kc T_2~J.~

ASPFCTL ~ANGU - 6n.rij nr S=- * I A Mn:

FF~FECTI1V7 _"LA'7 v 1V F _q'P 12 S7.16fl!] `4'~
EFFECTIVP 3A T7'I-1  ThjI7 - Tso Ms7 -' z
rF17ýTT'fj irKr~q1UNr1 T1P"- =,AC 7]L~ V

- -~ SL T - Nr ( K'A /,41,)2/-t 1* j* -* * ) .
09 ALT (KH/KrT) 2.1 5. 2. 1 5 . . ¾ .~f

BGKGRN9 lf I1TR) r*.tJ l, r.f-f 0. Oflu U a. (1111117
METALS (W/ST?) 31.r"776 '7 . 5 3*r 31 .5734 31 7*3 3 1. 5"'t+
ATT '*4ET ~W/ 1T) 0 31,1575 ?.J.R5 17.4991 19 r r 711 J5 1171

~L' GAS ~W/ SýT 4.'L 9%~ _ --ý 8,44 - K~2
EXT FIAS (W/STR) -5 2S5ý'1.Ihk '. 7 A £~ i 51,14

9'AP3p j (W/ ."R _.737 iO h --- 12.1571u -- '13 -23 11t- 2g. 1 Si36

FIGURE C5 GN-2 IR SIGNATURE OUTPUT ,ont'd)



__ POIJNT SO'J9ýt'F JR 114TEIISITV 14

VFHTrCLE ALTTTUW~r - j? v~ fl,' r) f n<. __________

ASPFCT A&IGL' - i f):-G ~ T' A li ýý
EFP-CTTV'ý'_11L ýC< *')flY ý07A A f&T 4 9fl fl rý '
EFFECTIVE- 2PR T~iT~ - , -1 q <~

';LT RdJG (K"m/'Jm) * ?/ I . . ?/ i .

013 ALT (-ý';/KC7T) 2/ ~ , * ?. * 17 *

r3CC,' CW/T, 0 .1 .'Cffl n 11. Ilinf)f j u. lijlnn

'IF T.ALS (W /T2 q* Tv7 1 7. 414_7,474 7. 41334 7. ý4 5 1

ATT METC (W/ST)j -7.- 1647- 4-. 11(J 4- * 3I 1'V
PLM rAi; (~ (W ST7 4. ' L7' __ * , 5 93 1 * 1'
F--XT [S (W/-STý?) J4 iu C&. 9? 13 9u 7 1J4. 7qVi 1 39 1

-~COPY AVAILABLE TO ODC DOES NOT
PERMIT FULLY LEGIBLE PRODUCTIOK

FIGURE C5 GN-2 IR SIGNATU]LE 0U]'PUT (corut'd)

,(41



900 800 700 600 500 400

I.R SIGNATURE (4.5-5.O0iHM)
30°

j230

0 NM

/ -2 NM 50/'-2 NM FT

IAT/SPRSINTR (2530)

\.,, -. _ _ - .. .. :

90~ 80 7O00 60FT~ Q

ASPECT ANGLE - DEC. (380-AZIMUTH)

"FIGURE C6 GN-2 IR SIGNATURE IN TWO n S AT

ZERO ELEVATION

" I



A

APPENDIX DI

GENERIC NOZZLE III (GN-3) DIMONSTRATION

The final typical turbofan engine case represents a twin engine
aircraft shown in Figure Dl. The engines are mounted together in the
tail and have a partially mixed flow axisylne'ictric exhaust nozzle with
no external plug. The plume interaction which may occur in the real
exhaust nozzle with plumes has not been treated in ASDIR so, therefore
must be neglected.

This case will demonstrate output superposition required for the IR
analysis of multi-engine aircraft and engine shielding by airciaft parts.
The second entry feature affected by SIGSIJB will again be demonstrated
as it was in Appendix C. The signature will be developed by first
analyzing one engine by itself and then adding the external emitting
surfaces of the aircraft to the Input Dlata Ibeck for the analysis of the
second engine. The two outputs will be added to fonm the final IR signaLure.
Figure D)2 shows those aspects angles for which low I emperal ure external
parts block to some degree the view of the higher temperature radiating
1parts. The exhaust nozzle diagram is sho~m in Figure D3. The several
input data decks, output samples, and a Final DR signature plot in the
plane of symlnietry (zero azintuth) arc also show.In.

1in1 i1 tior Far,_ S•iunary Input iData Deck tor the GN-3 demonstration
is shown n Figure 1D4. The preliminary analysis to acquire the view
factors was conducted but is not shown. Figure D5 shows the SIGSUB
input tormat to r:,:O-esent the results obtained from the input of Figure
1 4. V e oucput list of the input is omitted in these figures. Note in
-.I r1 DE5 that the external radiating areas of the aircraft are fully

dr. :.'ed bN input data (EFhNP, EAREA) but their analysis is excluded
1y "7 inrit, NEXT=O. The IR signature input data deck for one engine
p5,. xi:ame is shown in Figure D)6 wherein the NEXT = 4 input on the
i t P1S2 card is not rescinded by NEXT = 0 on the second IDS2 card..- .(-r data of Figure 116 is identical to the engine only data in
16ý "e D5. A sample of the engine only IR signature is shomn in Figure
D7 and engine plus airframe IR signature data is shownqi in Figure 118.
The composite zero azimuth IR signature (sun of Figures 1)7 and D8) is
shown in Figure D9. Since the tail shielding occurs only. in the
look-down scenerio, the observer altitude is above the target. In this
case, a non-zero earth background is required for which a 290°K
(62 0 F) blackbody has been assumed to be appropriate as indicated by
texts on bao.kgrounds.
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TABLE DI EXTERNAL EMISSION DATA

COMPONENT NO. EMISS. TEMP. AREA*
0 K CM 2

i (i) ETEMP(i) ATOP(i)** ASIDE(i) AEND(Q)

BASIC A/C 1 .60 278. 885273. 299111. 2.60304.

AVIO COOLER 2 .80 306. 20067. 9104. 5261.
ENGINE BAY 3 .85 333. 67076. 49183. 19045.
ENG SHROUD 4 .90 361. 21832. 13843. 18711.

NOTES:

* See Table C1 for the resolution of EAREA(i).

** The areas of radiating surfaces must be proportionately
reduced to adjust for shielding by tail surfaces, wing tips,
and other similar obstructions. For example, ATOP(i) must be
considered as zero for elevations from below.
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0 1.1 t 1100 t. '_; 00 tb . 14879 .17 59?2 C 00( 4r- . i4)4

1172_.'U211
10 . &5229 _ * If;79P, . 0, 7545 Uj'r (IT ri. uonnnl . 1`1n I rIO I 1)

_ 0. uu 0 n 0 U 11571 . 1114416 U . 1)u1110 * 1 4 6qj * ]~11 tý 7 ,1 3 7 1
11 150 . 7 645 __ ___ _ _ _ _ ____ _____ _____

10 .131 ii40 a-9 11. 00u~ jiJ-fCU L*H .r~fi rj 1j,

137-.94823
10 ,.172r-9 0.0100 u 11.v00000 n i 0 .0)0 flflllf 13 11)0 nnUnrlrI ) 100f[1 O1fl

10 a.0 a 1 6 c j .C2." j ml fl.0-'I .18797 -7II 11
.40721 0 , j0 cl . b.0L 94- Pool fliu

J I 15 3. 3 097 2
1 c -. 0~0 01 U0 o 0U .uq 11 2q3 .40439 ? 3 659 .o0s .39 U1J237

0.00000 .011394 (1.1111000
11 379. 24271 _____

-~o . u -0(1 02ý6 .1 88 .4~ .27?82 '15141,
.G1509 0.01Ju11

F IGURE, D4 GN-3 HOT PARTS SUMMARY JNPUT DATA DECK

- D6 -



4i 11 367.03923
-0 .02777 .05916 6(4071 .&XU51 .1)1697 o42323 (1.1100

-1 22-96 .tf 1q46? 7__~ _

-10 eO6489 .U5240 .0398'. _12,717 *24924. r~ _

11 56i.78278
-1 .06695 .07508 P~6902 .1?404 C.(Pll~f .___an_______3_7___5__

1] 55-.155884
1( #16234 .13108 .06q22 f! n .03?7 _ 13116') .07(fl
1- -634.-43 746
1( *17164~ .'?3854 . ..'2718 *'5845 *fl4 6R7____

1 0 a. 0 (1u0 a .11730 .07946

-- 1 (1.0*-09020 0.0 0 __ __ - - -_ -_ _ -_-_-- - _-

10 0 0 a0000 0 _____________ .________ 0 a u 0 a

14 0104 ________ ___ ________ _

-n 01 02n 331

14 0203~

111010--09.

19 00 1 Ito

1 2101112131
2 101 9__051 1.

2 0 --- -f - aI1.

2001 '..51

16 02 0.001.
18 03
19 24 1. 0

___ 25 -4a5 _ _ _ _ _ __ _ __

26 9.5
2004 0.0 1. 0 a____ ___ ___ _

-0 3 . 00 1 1i. 3---- - -- -- - --
1 (030201 12. 0 24.0 ______

1 706. 86
1f 04 _ _ _ _ _ _ _

1 20 -1E5.0
2301 21i.0__ _

2801 2 1.*0
20 0401 -1. -1.

42 020
43 01037 14

44 23.154 6c5. 5703 1.o4 25
-Ts- .3 2
46 0119022(1032±04190%200621U7240o 25%q2c~1r~r,11251225l l71 L4?91ý4t ~1qi7?,91

-47 0-0

FICIIRE N4 GN-3 HOT PARTS SUMNMARY INPUT DATA Dl-CK r 'd.



49 11

50 010 q ----

5Sd 0 i29-- 1.

0229 1.0
0329 1.0

(407 1.0
0508 1.
0609 i.('

1130 1.C
-- -23Q . 7... -. ..

1330 1.0

52 ' 2c3--- 20
30 500.

85 .6 .6 ._ .a0 1.0 1.0

54 16
- L8U, --- 172- ... .. . -- - 124. i- '7. g . - - _2.

i7, 38. 32. 20. 14. 5, 4, qr..

S5 :.0 10.

IDS1 $CASE TERM=.TRUC. I

FIGURE D4 GN-3 HOT PARTS SUMMARY INPUT DATA DECK cont'd.

-D8-



IDS1 2 ne Dor[eL
STIBI 16 -- %1A%

2 -0. -FU1.LL_

2 -C -. 15.
2 -L.-a 2(4

2 -04 -04 9P a
2 485. 7159. 8?.

2 i38 . 74t6. 73.*
2 __1300. 746. 6 7.__

-2 - - 2 2 8 5. '?E3.--
2 25fln7. 7 r,3. '32. _

2 2-66. 757 20.6r-
2 26U2. 77e. I I
2 . 537. 775.--

2 -2524. '175. -4.

2-- - _- , -0n * . q0,
IDS2 $CASE fr4,'XT4qWANG=,ALTPI-4=r ;.41~=2.9,n'IF•~-

ICHECK=-?,-----*Requcsts namelist output of $CAsE,
-TUAK=2qF. i-Typi cal "Earth" background tomperatturC.

-- ALTO 9 S ( 1) 15U f[Ill. ýR IIO ( i ) ý-(. , ;su7r-. q 25'

2-_ 1~RE(. A 1R. , 5._, Q. ,: ""1 6 ii. t

RPN= ll."/ SRSN= t5. 0 , R fE4I? 0ANL 24.

~0 fl A hl7 51 -5 __ _ _ _

10S2 £CASE
ALT08S(2)=58L.6. ,6692., -

E ARE A(i) 73924., 0, tieri,

ALT09S(2)=597R.989r-5., -- _________

EAREA (1)~ 172930.', 5?27., 1 Jkib., 6-97.,

$SCASE - --

ALTORS(2)=j1f17.,Isu 74.,
AE A 517 ; 4405. 1-,35-2. 54-5'.23.,

$CASE
ALTOB'3S(2) =1i0781. , 17 622
EAiREA (1' 5311694- 16545., 37592.

$CASE
ALTOBS( 2) =11.17.9,17!K 314.

EAREA(i)= 535788., 16483., ?87L ., 1l~3

__ALTOHS(2)=l08i.1J.,66?l.,

VlTGIIRE1 DS GN - Ill SIGNATURE ENG INJ' ONLY INPUTF IIATA P-'"K



EAREA (1) 52,3r,29. , 16q83., 17777., 3t+

$CASE

$CS

ALTOBS(2-)-=871+1.,12482.,
__EAREA ( 1) 367334 8., _132LU., _4781;3,_

$CASE
_ALToBS(2)=922U.,l144a.,-? - -
EAREA (i)= 32401915. , 12---76., _______ 24_ 17.

$CASE
A LT 1 S (2)=7 07 8. ,
EAREA(1) - ?47797. , 1417., 747t2. , _?4.

iCASE __ ______________ __

__EAREA(1z±196782., _ 7959., 2qr~il., 2

TCASF
ALTORS (2) 3OU.(o(Fa . , -

EAREAUI) 1163qq. , 72. ,~ 1s, Lr8 __

$CASE
AýLTOflS(?2) 5424-.,'4.

____EAREA(i) _ 1C7253. ,-_ U. 2C-126. , li'

$G

-$C-ASE_- TERM=. Rr~U. S-

FIGURE D 5 GN- 3 IR SIGNATURE ENGINEi ONLY INPUT DATA DUCK cont Id.

-D1 0-



2
1.6

-a., -a. i77,
-0. -0. 161.

-0. -1. 17.

-0. -0. q1)
48 5. 759. A?.

1038. 746. 7?.
076. 77.

2285. 763. 78.
2567. 763. 32.
2666. 767. 20.
26L2. 771. it.
2537. 775. 5.
_252. .4.

•CA SE NE XT=4,HR ANG=? A LT DL l---jG iOa AT. A 'ki f59MY: 'i n•

ICHECK=-2,
TRACK=29n,
ALTOr3S(1)=315(IUU, RAN(r(EI =U. 607r., 1211.".

I-_A!, F'_ A (.1.I 9c6182. u I. II.i1

III-N . 7 1, RSN-: 15 .0, i.I -1-. Iz ANL=24.,

-PR 2. 63 6l. P 5. 1 A,I.FT- £ F -23w , 01 .i , T., 1 ,N7 f. ,-
t-NRI -/N13 1 IL ,I A A ;- f, ' l

$(CA SE
ALTOE3S(2)=98463., 592.,
EAREA(M)= 7392., '3,27. , n.,,

_$$CASEALTOBS(2)=6978.,58 7,56_,
EAREA(i)= 17293U., 5227., t AI61., 61,
$
$CASE

ALTORS(2)1 = 117. ,15;. 7?.,
CA REAT() I 4-"U 35 5_._ 13 3(0q . 4Z•7• t~l~

EAREA M)= 507954. 15352., 54523., .,,

ALTOBS(2)=iZ76,,t7152.,
-EAREA(D)= 531164., i6054., 37OJ0. I-

-- --C A S E . ... . . ... ...

ALT OBS ( 2) It "17. , 172 31'.,
EWREW. 53 57 •lT,3, 16, 183
$

-- - -$ CA S E . . . . . ..
ALTOBS(2)=IC081f. 91662f1,,
EAREA(1) = 528352q. , 161,8. , V7777. , 2•1 4.,

FTGI]110 D6 (;N-3 IR SIGNATIUREl INPUT D)ATA [)1 CK [OR P'-
'I a 1.' 1 T T I - A T " 1-



IL

A-

ALTOBS (2) =10 593. , 161 86.o,
_ EAREA (1)= 516435,I i164ý'2o cý I.I5 5 I • -7,

$

$CASE
- A-lT66S 2) =87f41. 124 a2. -. ...----.---

EAREA(i)= 363348., -13261 . 2 5.5 S7_..

%CASE
ALTOBS(2):8220,q1144r.,
EAREA( -)= 2 77 .37_., i.. . 4-3942., 246 1 . .

$CASE

-- -ALTO U S ,, , T8 .- .1*6 ,

EAPEA (1)= ?477q7o2 1417., 74"•712.,• 2'ý'545o,,

EAREA(i)= 1967.1Z., 7968., 295_01 21nl..

$CASE
AL.rOBS(2.=55'L.,p6:'56.,
EAREA(i)= 116399., 5592,., 21g96.1 _ 1A4ýq.,

$CASE

EAREA(1)M if7253., a., 20126., tl7nf.,

$CASE

EAREA(1) 1 5314.64, 4 1605., 4. .015. , I9;4 .

$CASE TERM:-. TRUE. 1

FIGURE D 6 GN-3 IR SIGNATURE INPUT DATA DECK FOR ONE
ENGINE PLUS AIRFRAM,1 cont'd.

-D12-
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CO'Py AVAILABLEj TO DOC DOES NOT
PERMIT FULLY LEGIBLE PRODUCTION

--~ALTlTUr[:c 13 5000. ~T
WFATHYR IF ICA) "~TL ?1 0 5V' AY

v XSI 'ILE C\VLT~tTL IS N 9T E;XD=CT=-

PP.t*SSJP=' OF 1?.23 PS-Ta.
- -- -T'P A TUrE OF F'oI-OG------ -------

VELOCITY OF 599. T/

-- EN3k I k. S 1 R.UfNIN 1 J Ir 1-1 ý -JEL FEJJIVA LrNC-- =4T 10--( Q 3--D -. 195

S__ HT._R__10_ 1 307t

OptS)if~ Y-:=- -- 0---- ------ XCS

FL:34 FI 7 LD Tý!IJT

R .1 ,UI VFLOr'ITY T r': .7RA T UPE XOO? XH?3

n 07. 1 r 5 1.7ý 1.i 04,-O J 9QE ;0 2 JI fo
.1053 1651. 36 14U0 D, 00 .026 2 ý2 .0? 14 4

... ~~ --- )33 ---- 165 1,--16- -- * 10.{ - --- 6-,a2 52s- .0-2M4. 4-

A06 1651. 36 14 Z0.j0 2 F? 6'52 02-'

I-, 151, 36 11. 0J. 00 .0 2P' 52 .02-O? 1+~4

1651.3ý6 1'40 0,DC0 2O?6?5 .02 14 4

I ,f753.- .-. 3. 10 , 01 . - -. 07vI9 000,33G--- .. 73V
1 1730 tOB 0.1 000330 DO-J.336

MEELT-4)~I IT I0' n S

1 .7~ .1 3j 31. v ')7- -0 0 -- . 000330 -

FIGURE D7 GN-3 ENGINE ONLY IR SIGNATURE (SAM11PIF.E



SPO I NT-. STý*~- -I4 NT I TY -- *---

- '0 2. - r. 3 '3 .\-

VEHICLE aL T ITU -- - 1.59 <m 3R 5.00 K-T
- --- .... . _ -. -- -GP--7 - lJ A N-O . -A '4OYSPHE" ,El.

EF-"ECTTVE_ 3LACK ODY .IE> -2 A-3 1300.15%) CMSQ
F77 C.T.1.VE 33 -T _ - r;-LL! R E.....
EF-z'TIVE 3ACKGT)IJJ". T-MD - T-kAC< ? 0. 0,000 OD GK

SLT RNG (KM/N.'1) 3*/ 9, 2./ 1.
__ ýeL. T AKL- 41 T) 2; T. . / 4.4 . ....... ....

•1T•L2 (W/ST') •4k,ao03 qi4,O0•3
ATT M-ZT t,14ZST 14 3ý - 0 1 4. z

PLA Gl% (W STP 16 j5.,?73 2,26r36
EXT EM~ 1ST-----E.03- -- 9-_ ___

APD P, AAD (41STP) 49,8., 12,1718

- 0'~- 1O T - FC-U c I-r- I HT-z 9 S I T -N ---- _

SP•OTRAL '.ND - 2.?50 -) 3.19 '4CO1S ... . . ..
VE4ICLE t.LTITUD. - I., r,> K' 5.00 Kr T

EFz'rCTTV= ILACK :OOY 2 - A7P = 2-_' .00a0a 0 C 3
E -:r ECT IV• 7- 7173'- T E-0-- P I3.00 ' DTGK. -

EF--ECT I IE 3ACKGRn JNF' T T AC< 290.300J DV-GK

SLr •NG (K'i/NM) 0./ .o 2./ 1,
03 A-i--T-4--44•4<-/FT) 2* • 3--

"" •G<•R:~~~~40 W/STP) ,3 _ , • .-

METAL3 (C41STR) 0.4. 1-V0 90,4150
ATT M-T ('ST R 7-.'5 -,rU 24P

r E .4 .W -9T-R4-. .,, -44f- •. -3, G0 . . ..
A.P:' RAO (W/STR) 87 .?9', ?3. 368 9

COPY AVAILA"LE TO utC DOES NOT
PERMIT FULLY IEFIBLE PRODUCTION

FIGURE D7 GN-3 ENGINE ONLY IR SIGNATURE (SAMPLE) cont'd.
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- 7~COPY AVAILABLE TO DOC DOES NUT
1 RPERIWC FULLY LEGIBLE PRODUCTION

P L UM A lkILY qIS

" FLIGHT rONf)ltJ,% '

ALTITUDC IS 5000l F-CT.
WEATHER IS ICAO) MIL ST') 'I' STAIA)800 1'V -

-WITH * ul30WATER `flNT7-klT.
VISIALE: CONT;h'ýIL IS3 t1fT PF<'7r'!T=E

CASE MACH NU43ER Iýo5U AT A'0~>T -- ______

PRESSUR- flE 12.23 "qlA.

VrLOCITY Or 599. FT/SFC,

CNGINE IS RUNHTIJG WITH A FUEL )Y9"/ALrENCF T (ZnR) OF t *

~'INPUT PARAMFTERS

PLUME AM31ZNT

PRESSURE, p 83 .832 tAT'103
SPECIFI HAT *??TJ/'-
GAS r:ONSTANT, R 53.43? PT/F

SP, HT. lZATIl .'
MACH NlJm"-PP

#FLOW FTFL0 I NOUT

RAOIIJS VELflCTTY TCMrlEPATU[r- H~
(FEET) (FT/';Fr) (nrr, R)

-.Gc 1651.36 j4L,.tr *r 2 6> 62 *2 q1.C+

* *rJ~~~931i 16 1 .35 ~ LC ~ 6 jq
.1q5i - 16ý1 .3r) 4" LL(. .2r626?'l4

.4___89_ 1.6 51.36 1 Iff L,. 2ifl F)?? )__1__ 4
q7585r 1651.36 219!~lf 44 6

.. AMIN 4C3r6 1 6 1 1T,'I C2 6r)

*7.2709 16.9 "-1*3514fl.~' -25133i $J291334

F 879E3D 16- ON1 ENIN PLU AIFRM 1R SI0GNATUREn '

. (SAMPLE) 6 4U1) 1-12 ;



COPY AVAILABLE TO DOG DOES NOT
PERMIT FULLY'LESIDLE PRODUCTION

SPOINT SOU~r"E 19 INTENST T Y

SPECTRAL BANDO 2.13ý TO 3.0d 1tr !Ro i
VEHICLF ALTITUOF - 1.2 <M o0 L. (11 K FT
ASPECT ANGLE - T; * 4 10:?. AT Ti A JO7. .

4.EFFECTIVE -) I AIJE- V2 4, irn]'y
rFFECTIVc Q.ACKGROUNE) T'U1II - Tr'V'C< 2flnu ;

cSLT RNG (KM/NM) 0if . ?/
013 ALT (K9/KFr) 2./ ~ , 1

"4CKGRlf WSPn ~ 373 :C' 73
METALS (WISTR) 4 4. li 13 14 4. ? P8 3
ATT PAET (W/SýTR) 3q, If (2 11.. 94L G
PLM GA'ý (W/§TR) 15.05-73 5`65r

ETEMS CW/STR) -I_ q 6r ,
APP RE) (/ST~ 3(t 2617 1 2

SPOINT SOURrF IR INTENISITY

Or SP17CTRAL PANO 2.r5w TO~ 3 4T'ý IIC0 W3
VEHICLE ALTITUDC - .K ' F FT
ASPFCT ANGLE - 'A f ' flL 7 -F ~ A ýj0 ~T *1 r -ý

____EFFErTTVFI 3L ACK'<0ý VO A API~ ,353.
__ FFFECTIVE 9A TRMlPcE*T!JE - Tll 767. ir -rvs)7<

SLT RNG (KM/'PI) / 1* .1 .
0E3 ALT C(KMIKF:T' I'. r) 3. 1 c9.

E3CKGRN') (WISTR) 4. 07S2 (4f~M n _-____

ATT MET ( 1/1S T R) 76.'1 06l 23. t2142
PLM GAS (WISTR) 14.-r,31 4#. 2829
EXT FM¶' (W/ST'') .6737 115~3?9
APP RAE) (WfSTiZ) 87. ')6 r05 3 L

FIGURE D8 GN-3 ONE ENGINE PLUS AIRFRAME IR. SIGNATURE-
(SAMPLE) cont'd.

-Dl 6-



iI

ASPECT ANGLE FROM TAIL (DEG.)
100 90 80 70 60 50 40

SI / / ,//'., ., X - ,' 3

I t ! I / 7 .> ... " , ..

"a--*'' /. / " '" , " ". "\

1101

r 10 t' 'V.

1 .20

' ,RANGE

" " ' /" •,;-- I NM•"/

*. ' .lo 10• ' , - .- .,~ , . - \. . .F . ... . - ,

180 
200

- .",.. *-. 4.0 80 120 160200

IR SIGNATURE (WATTS/STER)
TARGET AT 5000.FT. ALTITUDE

IR BAND - (2.5-3.0pM)

FIGURE D9 CN-3 COMPOSITE AIRCRAFT IR SIGNATURE
AT ZERO AZIMUTH.

"* '

I
-f u..


